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PREFACE  TO  THE  FOURTH  EDITION. 


The  revision  of  the  United  States  Plmrmacoixeia  has  necessitated 
the  i^sue  of  a  new  edition  of  this  text-book,  and  the  opportunity  has 
been  taken  to  record  such  advances  in  the  subjects  of  Pharmacology 
and  Therapeutics  as  have  been  made  in  the  last  two  years.  In  order 
to  ]>ermit  of  this  being  done,  and,  in  particular,  to  admit  of  references 
to  the  newer  literature  of  the  subject,  some  of  the  older  bibliography 
hits  been  curtailed.  As  a  general  rule,  the  new  authors  quoted  have 
given  references  to  their  predecessors,  but  in  some  instances  it  may  be 
necessar)'  to  refer  to  the  earlier  editions  in  order  to  comj>lete  the  hibli- 
Ojrraphy.  The  changes  made  in  the  text  are  too  numerous  to  be 
detailed  here,  but  perhaps  attention  may  be  called  to  the  new  features 
brought  out  by  Embley  and  others  in  regard  to  the  action  of  chloro- 
frimi  and  its  dangers,  and  to  the  change  in  the  views  held  as  to  the 
effV'cts  of  wootl-alcohol  in  man. 

Tlie  index  of  drugs,  classified  according  to  their  therapeutic  uses, 
has  been  retained  in  view  of  its  manife^^t  usefulness. 

I  have  to  express  again  my  appreciation  of  the  kindness  of  many 
friend.s  who  have  aided  me  by  suggestions,  and  to  recortl  my  indebted- 
ness to  Dr.  W.  J.  McNeal  for  reading  tlie  proofs  of  this  edition. 

A.  R.  C. 


following  page?  were  written  to  supply  n  want 
keenly  in  teaching  the  subject  of  pharniaoology  to  students  who 
have  completed  the  purely  scientific  branches  of  medicine  and  are  be- 
ginning their  clinical  studies.  My  object  has  been  to  bridge  over  the 
hiatus  which  exists  between  the  phenonjena  occurring  in  the  normal 
or^ntsm  and  tliase  which  are  elicited  in  the  therapeutic  use  of  drugs, 
t«  sliow  how  far  the  clinical  effects  of  remedies  may  be  explained  by 
their  action  on  the  normal  IkkIv,  and  how  these  may  in  turn  be  cor- 
iled  with  physiological!  pheuomeua.  It  necessarily  follows  that  the 
rt  is  treated  from  the  experimental  standpoint,  and  that  the  ro- 
of the  laboratory  investigator  are  made  the  basis  of  almost  every 
lent.  Where  these  fail  to  elucidate  tlie  therapeutic  effects  or 
to  suggest  a  possible  explanation,  I  have  preferred  to  leave  the 
question  undiscussed  rather  than  to  call  on  such  occult  del  ex  maehlna 
«s  alterative  or  tonic  actions. 

Two  gresit  difficulties  present  themselves  at  the  outset  to  the  writer 
on  pharmacology  who  is  not  satisfied  to  take  his  statements  at  second 
hand,  or  to  formulate  explanations  from  his  unaided  inner  consoious- 
nese ;  these  arc  the  i»vcrwhelming  literature  on  the  subject,  and  the 
wide  limits  of  the  field  of  study.  As  regards  the  first,  I  have  read,  as 
fiir  as  was  in  my  power,  the  original  pajjers  of  importance,  and  in  order 
to  facilitate  the  work  of  others  who  may  winh  to  follow  this,  the  only 
satisfactory  methcHl  of  study,  have  appended  a  bibliography  to  each 
chapter.  It  was  impossible  within  the  limits  of  a  tcxtljook  to  make 
this  complete,  or  even  to  enumerate  more  than  a  few  of  tlie  works  con- 
uihed,  and  T  have  accordingly  selected  those  which  appeareil  most 
important,  and  those  which  were  furnished  with  the  most  complete 
bibliography. 

As  regards  the  scope  of  the  work,  I  have  attempted  to  give  the 
»nt  standpoint  of  knowledge  of  such  bodies  as  are  of  therapeutic  or 
:ioologic4il  interest,  and  also  of  those  which,  possessing  in  themselves 
DO  immediate  interest  in  practical  medicine,  have  thrown  important 
light  on  biologicid  problems,  and  are  accordingly  likely  to  be  referred 
to  in  scientific  literature. 
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Unfortunately^  a  writer  on  this  subject  cannot  as  yet  restrict  his  at- 
tention to  these  classes,  but  mi|^t  refer  at  more  or  less  length  to  many 
drugs  which  (wssess  little  interest  either  from  a  therapeutic  or  a  scien- 
tific point  of  view.  It  is  true  that  the  more  advanced  teachers  of 
medicine  have  very  properly  abbreviated  their  lists  of  remedies,  until 
those  generally  employed  may  be  enumerated  in  units  where  they  were 
once  counted  in  scores,  but  the  student  on  going  into  practice  meets 
numbers  of  drugs  previously  unknown  to  him,  and  not  appreciating 
that  these  have  already  been  tried  and  discarded  by  his  teachers,  is 
tempted  to  fall  into  the  slough  of  unreasoning  empiricism.  There  is 
still  a  tendency  even  among  the  educated  to  ascribe  therapeutic  virtues 
to  every  new  weed  and  every  new  product  of  chemical  industry,  and 
the  teacher  of  pharmacology  must  not  only  point  out  the  good,  but  has 
the  more  ungrateful  task  of  condemning  the  worthless.  The  period  of 
constructive  pharmacology  has  scarcely  dawned ;  at  present  its  chief 
function  is  destructive  and  critical. 

In  dealing  with  each  drug,  I  have  attempted  to  unify  the  whole  ac- 
tion by  using  the  most  distinctive  feature  as  a  centre  around  which  to 
group  the  less  important  symptoms.  Where,  as  is  often  the  case, 
there  is  a  divergence  of  views  among  authorities,  I  have  generally  pre- 
sented only  one  side  of  the  question,  except  in  very  important  subjects. 
This  dogmatic  method  has  of  course  its  drawbacks,  but  is,  I  think, 
preferable  to  involving  the  student  in  a  labyrinth  of  arguments  and 
counter-arguments,  the  respective  weight  of  which  he  is  quite  unable 
to  estimate. 

The  preparations  enumerated  are  those  included  in  the  United  States 
and  the  British  Pharmacoj>ceias,  and  such  others  as  seemed  of  sulBcieut 
importance,  I  have  attempted  to  indicate  by  special  tyjw  (small  capi- 
tals) those  that  are  more  generally  used. 

Some  explanation  may  seem  necessary  for  the  introduction  of  the 
word  "  therapeutics  "  in  the  title,  in  view  of  tlie  fact  that  pharmacology 
is  stated  in  the  introduction  to  embrace  all  that  jiart  of  therapeutics 
which  can  be  treated  of  ai>art  from  clinical  k-cturcs.  This  definition 
is  not  universally  used,  however,  and  it  has  Ik'cii  felt  advisiible  to  in- 
dicate more  distinctly  the  sooi>e  of  the  work  by  adding  the  more 
familiar  term. 

To  those  acquainted  with  the  (irnndnxH  dvr  ArzneimiHeUehre  of 
Schmiedeberg,  it  is  unnea'ssary  to  siaU'  ihi\t  tliis  volume  has  been 
largely  inspired  by  that  classical  work.  Some  chapters  may  in  fact 
be  regarded  as  merely  expansions  of  thos<'  issued  from  the  Strassburg 
laboratory,  but  this  must  necessarily  be  the  <^se  in  any  work  which 
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pretends  to  treat  the  snbject  from  the  experimental  standpoint.     The 
use  of  such  a  model  naturally  exposes  the  writer  to  the  criticism  that 
he    has  £tllen  short  of  the  original  standard,  especially  when  such 
divergences  are  made  from  it  as  occur  in  this  work.     But  if  I  have 
departed  from  the  letter  in  some  respects,  I  hope  that  at  least  the  spirit 
of  the  Chrundriss  has  been  preserved  in  these  pages.     I  must  acknowl- 
edge  my  indebtedness  for  references  to  papers   which  might  have 
otherwise  escaped  my  notice  to  the  following  textbooks:    Robert's 
I^rbuch  der  Intoxioationen,  Lewin's  Ndtmmrkungen  der  ArzneimUtdj 
Husemann's  Pflanzenaioffe,  Harnack's  Arzneimttellehre,  H.  C.  "Wood's 
Therapeutics,  Us  Principles  and  Practices  and  Stokvis'  Lemons  de  Phar- 
tnacoiherapie. 

Finally,  I  have  much  pleasure  in  acknowledging  the  assistance  of  my 
colleagues  in  the  preparation  of  this  work,  particularly  that  of  Profes- 
sor Huber,  who  furnished  several  of  the  illustrations.  Dr.  G.  B. 
Wallace  has  put  me  under  lasting  obligations  through  the  patience  and 
care  which  he  has  bestowed  on  the  tedious  task  of  proof-correction, 
and  I  must  thank  Dr.  W.  Mogk  also  for  his  assistance  in  this  part  of 
the  work, 

UHIYERSITY  of  MlCHlOAN, 

Xsv  A&Boa^'MiCH.,  June,  1899. 
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A  TEXT  BOOK  OF  PHARMACOLOGY. 


INTRODUCTION, 


PoARMAOOLOoy  IS  the  study  of  the  changes  induced  in  living  organ- 
iflCTift  hy  the  admiDiatrntion  in  a  state  of  minute  division  of  such  un- 
orgapieed  substances  us  do  not  act  merely  as  foods.  Many  of  the  best 
Icnown  of  these  substances  are  used  to  counteract  the  cflects  of  disease, 
or  to  reinforce  the  ^Hsues  in  their  strujiqi^ie  to  maintain  their  functions, 
when  !hi*^  are  rendered  abnormal.  Tbcsc  substances  are  known  as 
[W/"u^jf,  and  the  art  of  applying  drugs  in  disease,  is  Thei'apmlics.  Other 
^subrttuatTes  iin^  of  little  or  no  value  in  discjase,  but  ar<^  of  importuntte 
because  they  act  as  po'tJtonSj  that  is,  cause  dangerous  or  fatal  symptoniii 
ill  man  or  animals,  when  they  are  ing(^sted  in  i]uumity.  The  prai*tic;i! 
fetudy  of  the  etfectH  of  these  poisons  in  man  —  tlie  diagnosis  and  the 
treatment  of  |>«>isoning,  and  the  methods  of  detecting  the  poison  —  is 
termed  Toxlcofotji/.  But  the  explanation  of  the  symptoms  induccni  by 
chemical  substimccs,  aud  their  study,  as  apart  fn»m  their  practical  ap- 
plications, belong  to  the  field  of  pharmaroloj^y,  which  includes  not  only 
the  effects  of  drugs  and  poisons,  but  those  of  any  sul»stance  which 
induces  changes  in  the  living  organism,  whether  those  changes  are  of 
benefit  to  it,  injurious,  or  quite  indifferent.' 

T!ie  suHsUiices  must,  of  c«up»p,  oonforoi  to  the  requireinonts  of  the  defini- 
tion. Thu*.  A  neiHllf  iiitro(luce4l  into  the  tirwiit^rt  Induce.^  ertei't**  which  iir© 
«mti;iil4*  tiie  field  of  phunnatHilogiwU  Inve^tigiiUon,  Ixvaiiso  it  is  not  in  a  stiite 
of  minule  ilivir-ion.  But  the  iron  of  Ihe  ueedlu  iiiny  \yv.  reduced  to  a  fine 
|H>wdt'run(|  iuduce  cluinfj^!^  in  the  btxly  which  are  then  the  lef^itinmte  niihjei't 
of  rr-M^ri'h.  KimiUrly  the  drug  mu^^t  ho  iutroducecl  from  without,  for  lu.iiiy 
Mi^  jirt*  fiirmed  within  the  body,  but  their  study  holon>r3  rather  to 
-nU  of  physiology  aiid  palliolojo'  ;  imd  the  eflertt*  of  orpmized 
iuced  fnjin  without  ai*e  now  studied  under  iwoleriolojjy.  Phur- 
really  a  department  of  biolo|rj-,  very  closely  related  to  the  other 
mi'tuded  hy  that  term.  Thus,  as  physiology  i,s  the  study  of  the  life 
►rmal  ornpinism,  phtirmiiroloj^y  is  the  study  of  the  oi^uiiim  rendered 
hy  <lrug^.  while  in  piiIh"»loi?>'  the  phenomena  of  life  under  disease 
cxnininnl.  All  ihivr  subjects  may  be  pursued  without  reference  to  the 
neo»ls  uf  luediciue.  and  all  three  are  closely  interconnected  and 
muiUAlly  dependent,  for,  in  many  instances,  the  normal  condition  of  an 
organ  can  he  rt'cojrnizevi  only  hy  cousiderin)^:  the  results  of  its  destniction 
by  iUs«ii8e  (pathology),  or  of  Us  pumlysis  or  stimulation  by  chemical  ugeiitd 

*It  u  «^allo  iiut>o!*')ble  tnduiingiiiiih  between  dmp*  nnd  poisons.     Almost  all  rem«- 

■*■-"  ■'■"trennis  or  fatal  symptoms,  whilp  many  poisons  nre  valunble 

11'  tiiNlies  mny  in  fiict  Ih'  rcineiliw,  foods,  or  poiiund  acfKinJ- 
!  md  tho  method  of  applicalion. 
2  17 
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(pharmacology).  Bimilarly,  many  of  the  features  of  disease  are  now  rec- 
ogni7.ed  to  Im3  due  to  the  presence  of  unorganized  poisons  formed  in  and  by 
the  tisKues,  and  it  accordingly  becomes  difficult  to  accurately  define  the 
liraitA  of  pathology  and  pharmacology.  Thus,  the  toxines  formed  by  microbes 
rcKcmblo  in  their  action  some  of  the  ordinary  drugs  or  poisons,  and  might  be 
considered  along  with  these.  But  the  study  of  these  toxines  is  so  closely 
bound  up  with  that  of  the  microbes  from  which  they  originate,  that  it  has 
been  thought  better  to  leave  them  to  be  treated  by  special  text-books  on  bac- 
teriology. For  a  similar  reason  the  antitoxines,  which  play  so  prominent  a 
r61e  in  modern  therapeutics,  may  be  excluded  from  treatises  on  pharmacol- 
ogy, for  the  present  at  any  rate. 

Even  when  these  limitations  are  accepted,  pharmacology  has  an 
enormous  field  to  cover,  and  one  which  has  been  only  very  partially  ex- 
plored at  the  present  day,  in  spite  of  the  unremitting  industry  of  many 
investigators.  But  a  small  part  of  the  subject  has  been  sufficiently 
developed  to  admit  of  text-book  treatment,  that  namely,  which  is  con- 
cerned with  drugs  used  in  therapeutics  and  with  the  commoner  poisons. 
The  slow  advance  of  pharmacology  is  partly  due  to  its  position  midway 
between  the  biological  sciences  and  practical  therapeutics,  for  while  the 
biologist  confounds  \i  with  clinical  study,  the  clinician  regards  it  as  an 
experimental  science.  Its  relation  to  biology  has  already  been  men- 
tioned and  its  relation  to  practical  therapeutics  is  no  less  close,  for  the 
effects  of  drugs  in  disease  are  as  much  a  part  of  pharmacology  as  is  their 
action  in  tlie  normal  organism.  The  aims  of  the  pharmacologist  and  the 
clinician  are  not  identical,  however.  The  former  seeks  to  solve  the 
problem  how  the  drug  acts  in  a  given  case,  while  the  primary  object  of 
the  latter  is  to  remedy  the  condition  by  any  means  in  his  power.  Thus, 
in  a  case  of  heart  weakness,  the  clinician  prescribes  some  remedy  which 
he  has  found  of  benefit  in  other  similar  cases,  and  regards  only  as  of 
secondary  interest  the  question  which  to  the  pharmacologist  is  the 
absorbing  one,  namely,  whether  the  drug  acts  on  the  heart  directly  or 
tlirough  some  other  organ.  Of  course  the  results  are  of  mutual  ad- 
vantage, for  the  physician  supplies  the  experimental  investigator  with 
new  facts  and  with  new  fields  of  inquiry,  while  the  latter  may  indicate 
more  oxactly  the  conditions  in  which  the  drug  is  likely  to  be  of  benefit 
in  tlie  future  by  defining  the  method  in  which  it  acts.  It  is,  therefore, 
mueii  to  be  regretted  that  differences  of  opinion  so  often  arise  between 
tliese  two  classes  of  observers,  for  these  can  only  retard  the  progress  of 
Iwth  the  science  and  the  practical  art.  Doubtless  there  are  often  faults 
on  l>otli  sides.  Tlie  scientist  sometimes  insists  too  strongly  on  induc- 
tions drawn  from  a  limited  number  of  animal  experiments,  and  refuses 
to  admit  results  which  have  been  obtained  in  thousands  of  cases  of  dis- 
ease by  competent  observers.  On  the  other  hand,  the  therapeutist  often 
hiys  ttK>  little  weight  on  the  general  principles  governing  the  interaction 
of  the  drug  and  the  organism.  Both  often  exceed  the  limits  of  their 
pmvinees,  the  siMeutist  in  refusing  to  admit  effects  of  which  he  has  per- 
fortv  but  a  small  exi>erienoe,  the  clinician  in  attempting  to  refute  de- 
ductions finuukxl  on  exjxTinients  which  he  has  no  opportunity  of  per- 
fonninjr.     An  example  may  render  the  relation  of  these  allied  subjects 


oiearpr^  and  one  lias  boon  recently  offered  in  the  il'iHcuRflion  re^rding 

Ilhe  elFeots  of  iniQ.  This  metal  has  been  u.seil  tor  many  years  in  a  form 
of  aniemiui  and  its  cunitive  properties  are  attested  by  many  thoiisianda 
of  casos  aiid  by  whole  generatious  of  practical  physioianii.  A  phar- 
macologieit,  therefore,  exceeds  his  province  when  he  expresses  doubt 
regarding  thi^  elinieal  faot  simply  beanise  he  is  unable  to  explain  it^ 
but  he  is  within  his  rights  in  discussing  the  means  by  which  iron  acts 
■  a  remedy.  The  clinician,  on  tlie  other  hand,  enters  on  a  pharina- 
onlogical  question  when  he  attempt*  to  determine  whether  iron  acts  by 
ab^mrption  or  by  its  prt^Msnc^  in  the  bowel,  and  must  base  his  argii- 

I  meats  on  scientific  experiment  and  not  on  his  clinical  experienc^e  of  the 
curative  cflects  of  the  metal.     Fortunately  for  the  progress  of  merlicine 
and  pharmacology,  the  s<.Mentific  clinician  is  imbued  with  the  desire  to 
ascertain  the  methods  in  which  drugs  act  as  well  as  to  cure  disease,  and 
(liat  unities  clinical  observation  with  phannacologic:iI  research.     It  is 
to  be  nnticipat<'<l  that  the  n>snlts  of  the  prat^tical  physician  and  of  the 
exiKTimental    investigator   will   come   into  more   complete   accord  as 
more  exact  methods  of  clinical  research  are  used  by  the  former,  and 
a  wider  laboratory  ex|>erlence  is  attaineil    by  the  latter.      But   Uith 
methods  arc  new^ssary  to  the  oomplote  knowledge  of  the  action  of  a 
drug.     Animal  experiment  c^mnot  be  dispenscil   with,  for  oidy  ihus 
'        oAti  the  action  of  drugs  be  ascertained  in  detiiil  and  expeditiously,  and 
B   at  the  present  timci  when  a  new  remedy  appears  almost  every  week,  it 
H   in  irapoinsibht  to  nwoit  the  venliot  of  the  clinics  to  sieparate  the  useful 
H    from  the  worthless,  even  if  it  were  permissible  to  apply  to  the  human 
H   9uliJ4>ct  drugs  of  unknown  action  and  potency. 

H  I*liarmacology  is  one  of  the  most  recent  developments  of  medical  and 
H  hio1oigic3il  soieuoo.  It  is  true  that  from  the  earliest  times  attempts  liavc 
H  been  made  to  explain  the  etfe<*trf  of  drugs  on  the  then  prevailing  tlnM>- 
H  ritM  of  j»athology,  but  the  objective  study  of  the  action  of  ilrugson  the 
H  or^nism  has  been  a  development  of  the  ninete*?nth  century,  or  it  might 
'  almiMt  be  said,  of  the  sec4>nd  half  of  it.  During  this  perliHl  the  same 
mctliodls  of  research  have  been  adopted  as  had  earlier  proved  so  fruitful 
in     '         '  ind   (wlhology,  and   with  equally  happy  results.     The 

§1:  -  Wiis  termed    Materia  ^fnlica  up  to  this  time,  and  <!om- 

pr  xamination  of  their  botanical  and  chemical  properties  along 

»u..  aenmnt  of  the  diseaj>es  in  which  they  had  pn^ved  of  value. 

ThU  descriptive  rather  than  experimental  study  has  l>een  i-ontinued 

Itrr  (lie  name  of  PluintuuHnjmwtf^  but  is  now  ])ursnpd  bv  phanuacisl^ 

Undoubt^HJIy  the  student  of  medicine  ought  to  know  those 

of  drugs  which  are  of  im|x»rtance  as  modifying  their  action 

ttion,  but  it  is  undesirable  that  his  valuable  time  should  lie 

in  the  detailed  description  of  crude  substances,  which  he  may 

■-•ver  have  an  opportunity  of  seeing  in  his  future  practice. 

.  subject  which  now  (x-cupies  a  much  less  prominent  position 

in  mrtJtcat  study  than  formerly,  is  Pharmacy ^  or  the  art  of  preparing 

tlrag»i  for  thera|)cntic  use.     Some  general  knowledge  of  the  methotls 

med  It  no  doubt  indispensable  to  the  educated  physician,  but  the  de- 
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taiU  tDMj  b«  lefl  to  the  pharmacist.  Pharmacy  will  probably  occupy 
still  more  subordinate  position  in  medical  educatiou  aa  tlie  teodeoc 
to  txtclude  only  one  or  two  drugs  in  a  prescription  iHvomcH  more  wid* 
spraad.  As  long  as  a  dozen  or  more  <^mjx)nent5  went  to  make  oi 
mixture,  it  was  of  irajwrtauco  to  know  their  Holubility  and  their  intei 
actions,  but  with  the  <leciiy  of  the  complex  prescription  the  study  oi 
phanuacy  by  medical  students  lias  certainly  become  les.^  imperative. 


MODE  OF  ACTION  OF  DRUGS.     STIMULATION, 
DEPRESSION  AND  IRRITATION. 


^V  A  small  Dumljer  of  drugs  atfeot  the  organiem  only  through  their  phy^ 
^^ffioal  properties,  ha  when  an  inert  oily  body  i;;  applied  to  an  abraded 
^BBttface  and  promotes  its  healing  by  protecting  it  from  irritation  and 
from  the  evajwration  of  fluid,  or  when  common  salt  absorlx'd  into  the 
bliHwl  changes  its  osmotic  teu^iion,  and  thua  altera  the  distribution  of 
^■fluids  in  the  tissues.  ■ 

^      But  the  great  majority  of  drugs  act  through  their  chemical  affinity 
for  o<?rtain   forran  of  living  matter.     They  proliably  form  temporary 
comliinatioas  with  some  forms  of  protoplasm,  and  alter  the  function  of 
all  cells  which  ctiutain  these  forms.     At  least  this  is  the  only  cxpluna-^ 
tion  of  their  affecting  certain  organs  while  others  escape  their  infiu*fl 
encc.    To  take  an  example,  the  cells  of  the  spinal  cord  normally  receive 
sensory  impresifions  from  the  exterior  and  .send  out  motor  impulses. 
But  under  strychnine  the  motor  impulses  are  much  more  violent  than 
usual,  and  this  may  be  expressed  by  saying  that  the  combination  of  _ 
strychnine  and  cord  protoplasm  functitms  more  p<iwerfully  than  tmaUl 
tered  (rord  protophmm.     The  activity  is  ehange<l,  however,  only  in  de- 
gree and  not  in  kind  ;  the  reflex  movement  may  bo  more  powerful  or 
less  powerful  than  normtilly,  but  it  remains  a  reflex  movement  and  can- 
not under  any  circumritanccn  partake  of  the  nature  of  a  voluntary  move- 
ment.     In  lUher  wnnls,  the  action   of  drugs  in  quantitative  and  not 
qualitative,  the  activity  of  living  matter  may  be  changed,  but  the  form 
whirh  the  activity  assumes  is  iinrhan^*able. 

In  recent  years  much  attention  ha-^  bt^»n  paid  to  a  series  of  natural 
phenomena  oecMirrinir  in  the  border-laml  between  physics  and  chem- 
istry and  the  ftpplii-ation  of  tlu'  results  of  "physical  chemistry"  to 
pharmacolof^y  Ihh  proved  ofgrL^at  value  alreaily  and  promises  to  eluci- 
date in  the  future  many  problems  whieli  have  hilhcrto  been  unap- 
proachable. Examples  of  such  afiplications  will  be  met  in  the  Meyer- 
Overtou  iheorv  of  narcosis  and  in  the  chapters  on  salt  action.  The 
tenilnn<\v  of  study  in  this  direction  is  tn  reduce  the  class  of  reactions 
whleh  have  hitherto  been  as<Tibe<l  to  special  eheniical  atlinity  between 
drugs  ami  prutfjplasjn  and  to  attribute  many  of  tli*'  changes  indticed  by 
drugs  to  the  physiejil  structure  of  the  living  cell  rather  than  to  its 
chemical  constitution. 

Drugs  whieh  increase  the  activity  of  any  organ  or  function  are  said 
to  Mimtiltt/e  it,  while  those  which  lessen  the  activity  are  said  to  deprem 
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It.    Another  ouudition  iaduced  hy  drugs  ih  irritation,  for  although  Uuh 

term  is  often  applic<!   loosely  as  a  syuouyoi  fur  stiiuulatiini,  t\\v  two 

conditions  are  not  identu-al.     Stimulation  is  properly  uscmI  to  indicate 

sn  increase  in  the  8pectalized  function  of  a  cell,  producing,  for  iiistanoei 

10  the  »pinai  cord  an  increase  in  the  reflex  excitability.     Irrit^tiou, 

on  tht"  other  hand,  id  used  ratiier  in  reference  to  the  chungcj-i  in  the 

oondilionn  oommou  to  all  forms  of  living  matter,  that  is,  it  indicates  a 

dmvffi  in  the  nutrition  and  growth  of  the  cell,  rather  than  in  the 

specialized  functions,      irritation  may  thus   be  induced   in  all  kinds 

of  tiHsiies  and  is  the  coramone8t  change  cau.sed  by  driigs  in  the  less 

diifrrt^ntiatcd    forms   such    as   the    connective    tissues   and    ordinary 

epithrlia ;  while  stimulation  is  met  with  in  the  more  highly  fipccializwl 

ocUs,  such  as  those  of  the  heart,  nervous  system,  or  siicpetory  glamls. 

In  many  instances  the  irritant  action  of  drugs  may  be  cxphiincc^l  by 

:no\vn  reactions  with  the  proteids  of  the  cell ;  for  example,  sub- 

which  dissolve  proteids,  or  precipitate  thcra,  or  withdraw  fluid 

from  them,  all  tend  to  cause  irritation  when  they  are  applied  to  living 

tL^nes.     In  other  cases  irritation  appears  to  be  induced  tlmiugli  some 

chemical  action  the  nature  of  which  Ls  (juite  unknown. 

WTicn  Btimulatiou  is  prolonged  or  excessive,  the  protoplasm  gcucr- 
\y  lK'<H>nies  tlepresse*!  and  finally  loses  its  activity  entirely  (|Kiralysis). 
Some  authontiea  have  asserted  that  ileprtwrtion  is  invariably  pivceded 
stimulation,  and  that  stimulation  sufficiently  prolonged  invariably 
l»  to  depression  and  pundysis.  Both  statements  are  too  aiisolute^ 
Itboogh  they  arc  true  in  the  great  luajority  of  cases.  For  example, 
tbe  action  of  atropine  on  the  terminations  of  the  cardiac  inhibitory 
Derves  \»  purely  depres6anL  Even  the  most  minute  tjuantities  of  this 
Alkaloid  never  increase  the  activity  of  these  terminations,  for  if  a  quan- 
tity toi>  Hmall  to  panilyze  them  is  ingested,  it  has  apparently  no  effects 
iver,  and  as  the  dose  is  increased,  the  first  eflert  is  paralysis. 
Depi«aeionj  whether  induceil  directly,  or  following  on  stimulation, 
has  bc«u  shown  in  several  instances  to  resemble  the  fatigue  induced  by 
the  prokinged  exercise  of  the  normal  organ,  and  it  is  probably  true  that 
dcpnaHkOD  and  fatigue  are,  in  all  instances,  identical  in  ap|>earantH»,  ul- 
tboii|^  not  Decuasnrily  identia&l  in  cause.  For  example,  the  phenom- 
ma  of  fiitigoe  of  tbe  terminations  of  the  motor  nerves  in  muscle  re- 
•tmblr  exactly  those  induced  by  curara,  but  in  the  former  the  cause 
ly  be  that  the  conducting  substance  of  the  nerve  ends  has  l>«»n  usud 
by  tike  n'lH-atcd  passage  of  impulses,  while  in  the  latter  the  conduct- 
ing »ulj6tauce  is  so  changed  that  it  becomeji  incapable  of  transmitting 
stitnuli  lo  the  muscles.  The  final  result  is,  of  course,  the  same;  there 
beiag  do  avVdable  conducting  substance,  impidses  fail  to  reach  the 
Buntele.  But  the  fatigued  terminations  rapidly  rw^^iver,  as  condiirting 
substance  is  reformc<l,  while  the  curarized  recover  only  when  the  poison 
is  eliminated. 

In  most  cases  an  excessive  dose  of  a  stimulating  i>oison  leads  to  de- 
praaion  and  paralysis.  The  cell  becomes  functionally  dead,  but  if  the 
fiularp  of  its  function  does  not  involve  the  death  of  the  organiami  it 
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known  na protopfman  po'tnojut.     These  paralyze  any  form  of  living  mat- 
ter vfc'lu'n  thev  are  broujrht  in  coutac^t  with  it  in  sufficient  quantity,  bnt 
if  ihi-y  art?  injccleil  into  iho  hluxl  and  thus  distributtfl  0(|iially  thmngh- 
biit  the  IkmIv,  they  invariably  select  some  spi'oial  organ  a.s  the  cliiut' 
mtiil  i)f  their  activity.     This  is  exactly  pttrallel  to  the  behavior  of  ehem- 
ioil  ogrtitA  in  the  laboratory.     For  example,  acetate  of  lead  added  to 
a  A>lutiuii  of  a  chloride,  or  of  a  sulphate,  precipitutes  it,  but  added  to 
ft  mixture  <»f  tlie  two,  throws  down  more  of  the  sulphate  than  ol'  the 
rhloride.     Nitrate  of  silver,  ou  the  other  hand,  precipitates  the  chh)ride 
onir-      Acetate  of  lead  may  be  compared  to  the  protoplasm  poiisous, 
nitrate  of  silver  to  Uiose  with  a  less  extensive  fiehl  of  action.     ^Vs  proto- 
la^iu  pciLsons  afleel  a  larji^!  uuml)er  of  different  forms  of  living  matter 
iMllfjw-i  that  they  alter  liie  nutrition  rather  than  sjiecializoil  functionp. 
any  of  ihcm  cause  irritation  ;  others  are  uwrd  to  destroy  or  rt-Lnrd  the 
>vrth  of  micn>be9  and  are  kuowu  as  disinfectants  or  antiseptics. 


REMOTE,   LOCAL,    AND    GENERAL   ACTION. 

Dni^  change  directly  only  tho*.'  orL^aiw  and  tissues  with  which  they 

o  into  imme<]iate  contact.     But  the  alteration  of  one  part  of  the 

iQum  very  often  entails  that  of  another  to  which  the  drug  may  not 

or  f(»r  which  it  has  noxpeiMal  affinity,  ber^iuse  impulses  arc 

through  the  nerves,  or  changes  are  induced  in  the  ciivula- 

wm  and  nutrition.     Thus  irrit-ition  of  the  skin  may  alter  the  rate  of 

thtp  pnlse  by  impressicms  being  lrau.«mitte<l  by  the  cutaneous  nerves 

«twi   refltirted  along  the  inhibitory  nerves  of  the  heart.     Similarly  a 

p(M«^»n  that  wraknis  the  heart  may  induce  disorder  of  the  reflpimtion, 

titim  the  circidation   being  deficient  in  the  medulla  oblongata;   and 

'^^pna«0D  of  tht?  brain  may  lessen  the  oxidjition  in  the  muscles,  because 

tl  IquIs  ti»  lessened  movement.     These  secondary  changes,  which  arc 

Bill  due  to  the  diri'ct  motion  of  the  tlrug  on  the  organs  concerned,  arc 

koftwn  as  frumte  or  'nuHreH  eftwts. 

Thtt  Utcal  iiction  of  a  drug  Ls  that  induoe<l  at  the  point  of  applic^ition 

tKTore  it  enters  the  ci  rculation,  the  general  or  systemic  action  is  that  due 

toitBeletitive  .iffinity  for  of^rtain  org.ms  to  which  it  is  carried  bv  the 

blood.     The  local  effects  are  very  ot\eu  entirely  different  iu  nature 

from  thr  general  action,  for  a  drug  may  act  as  an  irritant  at  the  point 

of  application  and  as  u  depressunt  to  the  brain  when  it  is  carried  to  it 

ID  tKi;  bhxxl.     Ijijcal  effects  may  Imj  induced  wherever  the  drug  can  bo 

T  — in  the  skin,  the  alimentary  tract,  the  respiratory  |>assages,  and 

■  r  mucous  membranes.     They  also  occur  iu  the  subiHitantMms 

IJBMlf*  when  thr  poison  is  injectcnl   hypodcrmicnlly,  ami   in  any  of  the 

oc]gans  and  tissues  which  can  be  reached  by  the  needle  of  the 

Iwooal  remedies  may  cause  irritation,  or  may  protect  the  sur- 

'rritation,  may  <Ieprrss  the  sensory  end-orgjuis  and  ciiuse 

ii*'?*ia,  or  lessen  secretion,  or  alter  the  functions  at  the  p«nnt 

■ppltcation  in  many  other  ways.    They  may  also  liave  remote  elfei'ts, 

iuM  bucQ  meDtioned.     Mauy  drugs  have  only  a  local  action,  because 


tSTBODVCrtOX 


tber  are  ooC  Absorbed,  are  absorbed  io  Loactive  Ibms^  or  are  cjci 
or  depobited  m  npidlj  as  tber  pass  into  the  cifcaktm,  00  tbal 
i»  not  present  in  the  bluod  at  auy  ooe  time  to  induee  gm^fal 


Co  ibe  olber  AanOy  many  powentti  potaons  kare  little  or  do  eff«n  at  ib< 
pnint  of  applicatioOf  bitt  po«»eea  an  deceive  aflinitr  odIv  for 
organ  to  which  they  are  carried  by  the  cireiilatMNiu 

THE   RELATION   BETWEEN   CHEMICAL   COMPOSITION 
AND   PHARMACOLOGICAL   ACTION. 

Ajs  the  effect  of  druge  on  living  matter  is  conceived  to  be  due  to 
chemical  mccion  between  them,  it  might  be  inferred  that  tho^  drug) 
which  present  a  close  rcacmblapce  in  tbi^r  cbeniical  properties  and  <Tinf 
position  mutit  indnoe  similar  changes  in  the  organism.  And  this  x^  trxA 
aa  a  general  statement,  although  the  relation  exi:»ting  between  cbemiia 
constitution  and  pharmacological  action  can  be  followed  only  a  shof 
distance  as  yet.  For  example,  so  many  members  of  die  roetluiae  seri 
of  (rlji'mitttry  depress  the  central  ner^•ous  system  that  this  may  be 
g&rde<l  ae  a  general  property  of  the^e  bodies,  jurt  as  they  possess  rertaii 
general  chemical  reactions,  which  disdnguisb  them  from  the  membei 
of  other  chemical  penes.  In  the  same  way,  the  heavy  metaht  resembli 
each  other  in  their  general  effects  on  the  organism,  jnst  as  ihcv  reao 
similarly  to  Home  chemical  H^ta,.  But  whenever  an  attempt  i<^  made  t 
f(»llow  this  relation  in  detail,  the  analogy  break^t  down,  Ixxskuse  factori 
which  it  is  impo«wible  to  deduce  from  the  chemical  constitution,  metk 
themselves  felt.  Exactly  the  same  thing  occurs  in  chemislrk- ;  foi 
example,  the  heavy  metals  rewmhlc  each  other  in  po  many  re^pect^*  thai 
it  might  be  inferred  that  the  sulphides  woiild  be  of  the  same  color,  or 
that  the  chlorides  would  be  equally  soluble  in  water,  but  experimeol 
afaows  that  this  is  not  the  case.  In  tlie  same  way  they  resemble  each 
other  in  many  points  in  their  effects  in  the  organism,  but  it  cannot  be 
infrrrwl  frrtm  this  that  they  will  have  the  same  effect  on  auv  given 
organ  or  in  any  given  resiH*ct.  A  Hiniple  example  of  the  verj*  differ- 
ent effwits  in  the  organism  of  drugs  which  are  closely  related  chemically^ 
iff  offered  by  the  action  of  the  simpler  meml)ers  of  the  acetic  acid  series 
on  the  wnse  of  emell.  For  formic,  acetic,  proprionic,  butyric  and 
valerianic  and«  ran  Ik;  easily  distinguished  by  their  odors,  that  is,  they 
art  differently  on  the  terminations  of  the  olfactory  nerves,  yet  they 
form  a  homologous  series  of  as  closely  relatetl  members  as  any  chemical 
Hcrif'H  can  offer.  They  present  certain  differences  in  their  chemical 
rcHctionH,  of  course ;  for  example  they  vary  considerably  in  the  boIu- 
bility  of  the  Malt-i  lliey  form  with  barium  ami  calcium,  and  it  is  im* 
|iO!tHibIi^  to  explain,  or  to  anticiiMile  these  variations  from  any  consider* 
ntion  of  their  chemical  constitution.  If  then  their  reactions  with  such 
Himpli*  and  fumiliar  bodies  as  calcium  and  barium  cannot  l>e  anticipnted, 
it  W4)uld  wfin  futile  to  attempt  to  foretell  their  Ix^havior  towai*ds  the 
infinit/»Iy  more  complex  and  less  known  protoplasm  of  the  nerve 
minatiouH. 
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A  ^niit  (Jiiil  (if  tunc  aiul  euorgy  bas  been  dcvutcd  to  an  atiumpt  to 
brin^  ibr  ctVwts  in  tlir  orpihiHUi  t»f  certain  met4ilf*  Inotably  the  alkulifs) 
into  iT'Iutiou  with  th<'ir  atitniir  weights,  tlieir  valeurv,  elwirit-al  chai>a*t*, 
ami  othrr  jjn>|KTties,  but  no  rcifulta  are  to  Ix*  t-xpet'ted  Iroin  these 
n«4^n'Jirs},  s«»  long  lis  the  onlinar)'  elieniieal  reactions  of  lhe.se  UnlieM 
can  onlv  be  tonnuhited  l*>  a  limiteti  extinit  ami  imjxzrfectly  frou»  such 
miiHidenilinnH.  In  particnlar,  it  seems  of  little  interest  to  deterriiuie 
their  exaet  relative  toxicity,  since  there  i.s  no  (jnr.stion  that  t!i<'y  <lo  ni»t 
all  act  ftii  the  name  or^n^j  ami  if  one  art  on  the  brain  unil  un<»lher  on  the 
hearty  one  by  it«  specific  affinity  for  an  orgjin  and  anotlier  by  inducing 
phy'^ical  chanj^^s  in  the  flnidn  of  the  IhhJv,  these  differences  are  suflicieut 
t4i  nuinry  nnv  r*'lnliou  wliich  they  may  iK-ar  to  eaeh  other  in  regard  to 
the  exact  fatal  dotse.  As  has  been  stateti,  it  may  Ix'  inferre*!  witli  some 
pri>lkubility  tlwt  any  sniwtance  U-lunginj^  to  certain  wide  cheuiieal  groups 
wDl  induoo  aymptomis  in  the  or^ni^ni  re:«embling  in  general  characters 
th»>ii^ « »f  the  other  memlx^rs,  providini  always  that  it  does  not  ci^ntain  sonie 
radicle  which  renders  it  inactive,  or  gives  it  a  more  powerful  action  in 
dome  other  direction.  But  the  details  of  its  action  can  be  ascertained 
only  by  actual  experiment,  exactly  as  the  details  of  its  chemicuil  lie- 
havior  can  be  known  only  by  performing  the  necessary  reactions ;  and 
a-*  there  ia  no  prospect  of  explaining  the  latter  from  hs  wmstitution  at 
the  present  time,  there  is  still  less  hoj)e  tluit  much  advamsi  will  be 
made  in  the  near  future  in  formulating  the  laws  governing  the  details 
of  its  pharmacological  etlectis. 

CONDITIONS  MODIFYING  THE  EFFECTS  OF  DRUGS. 

The  effects  of  drugs  on  the  living  organism  are  subject  to  some  raodi- 

ilions  in  certain  individuals,  and  under  some  conditions,  which  it 
in  of  impctrtaoce  that  the  physician  should  recognize,  aa  the  dose  has  to 
Ix?  all^-re*!  when  they  are  present.  One  of  these  is  the  Size  and  Weight. 
If  the  same  amount  of  a  pois4'»n  be  distributed  tlirough  the  tissues  of 
ft  Urge  individual  asof  asmall  one,  less  is  contained  in  any  given  organ 
of  the  former  and  less  effect  is  therefore  observed.  This  has  Ik'CU 
«0oertaiaed  chiefly  in  animal  ex|>eriment,  in  which  the  effects  of 
«inig»  can  Ik*  estimated  much  more  exactly  than  in  man,  but  it  un- 
doubtedly hohls  gfKid  for  human  Ix^ings  also.  Very  large  individ- 
aaU,  ihen,  n-quire  a  somewhat  larger  dose  than  ordinary  |>er8ons, 
while  in  treating  individuals  of  smalt  stature,  the  dose  has  to  be 
nduced. 

The  Age  of  the  patient  has  also  to  be  taken  into  account  in  prescrib- 
ing, (.^lildren  ouglit  to  receive  much  smaller  doses  than  adults.  The 
more  powerful  notion  of  drugs  in  children  is  due  in  part  to  their  stnallcr 
*iixe,  in  port  to  the  more  active  growth  of  certain  tissues  and  to  the  less 
iiaiplet<?  d»'velopnu'ut  of  others,  such  as  the  central  nervous  system, 
dose  for  a  child  is  genenilly  calculated  ac<'oixliug  to  Young's 
kula,  in  which  a  fraction  obtained  by  dividing  the  age  by  the  age  -f 

fli  taken  ns  the  proportion  of  tlic  adult  dose  retjuired.     Thus  for  a 
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child  of  four  yeare,  the  dose  would  be  I  7 r^  ~)i  of  the  adult  dose* 

for  one  of  one  year!  i       -,^  «  )  |*j  of  the  adult  dose.     According  to 

another  less  used  formula,  the  dose  for  n  child  ta  ascertained  hy  divid- 
ing the  adult  dose  by  20,  and  multiplying  the  result  by  the  Jige. 
Brunton  suggests  dividing  the  dose  by  2r^  and  multiplying  the  result 
by  the  age  at  tlie  ne'xt  birthday.  These  formulae  are  not,  however,  inva- 
riably safe  guides  to  follow  in  prescribing.  For  example,  the  narcotics, 
particularly  opium  and  its  preparations,  must  be  given  during  the  first 
y^iare  of  life  in  much  smaller  quantities  than  are  indicated  by  Young's 
rule,  while  alcohol  may  be  a<bninistoretl  in  comparatively  large  doses. 

The  usual  dose  advised  has  to  be  modified  for  childix^n  then,  and 
may  be  taken  as  that  suitable  from  20-60  years.  After  this  age  is 
passed,  it  is  again  reduced  somewhat,  so  that  from  70-80  about  f  of 
the  adult  dose  is  advised,  and  after  80  it  may  be  reduced  to  J.  There 
are  exceptions  to  this  rule  also,  large  doses  of  the  purgatives,  for  ex- 
ample, being  often  necessary  in  old  people. 

Sex. — Women  generally  require  somewhat  smaller  doses  tlian  men, 
because  of  their  smaller  size,  and  it  is  often  stat4-*d^  1>e(rause  their  tissues 
react  more  strongly  to  some  drugs,  though  this  has  not  yet  been  satis- 
factorily established. 

Temporary  conditions  also  influence  the  activity  of  drugs.  Thus 
(tfier  a  tnml^  a  poisim  is  ahsorlx»d  more  slowly  from  the  stomach  than 
when  it  is  taken  fasting,  and  any  local  irritsiiit  action  is  also  less 
marked,  because  the  drug  is  dilute<l  by  the  contents  of  the  stomach. 
Irritaiioii  nf  the  aioiiutvh  and  intexline  may  also  mwlify  the  etl'ects  of 
drugs ;  thus  in  sonic  forms  of  dyH|>epsia  the  absorption  is  slower  than 
usual  and  little  eiVect  may  be  induced  by  the  ordinary  dose,  wliile  irri- 
tant dni;^  nutiinilly  cause  more  disturbance  of  the  dige^^ttoii  iu  these 
cases.  On  the  other  hand,  a  slight  congestion  of  the  stomach  and  bowel 
tends  to  ]>romote  absorption,  and  it  has  been  found  that  more  of  a 
heavy  metal  is  absorbed  when  it  causes  some  destruction  of  the  mucous 
membnine  than  when  it  is  given  in  smaller  quantities.  Vomiting 
and  diarrhoea,  of  course,  tend  to  lessen  the  action  of  drugs  by  re- 
moving them  rapidly  from  the  alimentary  canal. 

During  pirgnauct/^  purgatives  have  to  be  used  with  great  care,  be- 
cause they  induce  congestion  of  the  pelvis,  and  n]ay  lead  to  abortion. 
Drugs  acting  on  the  uterus,  or  inducing  a  nmrketl  fall  of  blou*i  pres- 
surcjare  to  be  avoided  b(*caiise  the  former  may  caune  the  evacuation  of 
the  uterine  contents,  wluJe  the  latter  may  lead  to  asphyxia  of  the  foitus. 
Many  drugs  ]>ass  from  the  mother  to  the  child,  and  tliis  is  to  be  borne 
in  mind,  Jiw  ([uantJties  which  are  insufficient  to  p<^»ison  the  former  may 
have  more  serious  effects  on  the  latter.  During  (nvtuiionj  it  is  impor- 
tant to  remember  that  active  bodies  may  l>e  excreted  in  the  milk,  and 
may  either  act  on  the  child  or  render  the  milk  distasteful  to  it.  In 
meitsit'uationf  purgatives  are  to  be  avoided,  as  they  tend  to  increase 
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tbe  flow,  aud  all  very  active  drugs  are  to  be  uaed  willi  care  or  aban- 
(loiifii  lern|>oranly. 

Till*  Time  of  Administration  lias  also  Bome  influenne  on  the  effbcta  of 
drugs.  The  body  is  generally  more  resistant  in  the  uiorning  than  in 
theevcuin^,  es|}ecially  in  the  case  of  narcotic  drugs  ;  thus  a  do^c  of  a 
^oiwrific  wliii^h  may  have  little  or  no  effect  iu  the  early  hours,  induces 
.'^iiiiid  sloop  when  given  in  the  evening,  because  the  brain  is  already 
i'atiiriied  und  depressed. 

Idioityncrasy  U  u»ed  to  denote  au  unusual  eff'eet  for  whitrh  no  expla- 
n-Aim  can  be  found.  Some  persons  react  more  readily  than  usual  to 
tilt*  iiniinary  dose,  while  in  other  iustance^  a  much  largi^r  quantity  can 
Im-  mkfii  without  any  etfect.  Others,  again,  show  symptoms  which  are 
iutircly  different  from,  and  which  may,  in  fact,  be  dianiotrically  opposite 
those  onlinarily  observed.  These  idiosyncrasies  are  naturally  more 
ticatly  seen,  and  arc  better  known  when  they  arise  from  widely 
uwd  drugs.  Thus  the  ramlern  antipyretics  have  so  often  induced  ab- 
ni>rraal  symptoms  that  these  are  well  known,  but  it  is  not  improbable 
tbat  if  other  drugs  had  been  used,  or  rather  abused,  to  the  same  extent, 
Ibey  would  be  found  to  induce  unusual  reactious  in  an  equally  large 
"imilicr  of  individuals.  Au  idiosyncrasy,  as  has  been  said,  cannot  be 
^xplaliifd  in  the  present  state  of  knowledge,  but  some  conditions  which 
lavL'  |)cen  termetl  i<linsyn(!rasies  are  ]>roh:ibIy  due  to  abnormally  rapid, 
or  to  retarded  absorption  or  excretion.  Idiosyncrasies  arc  not  con- 
fined U)  human  beings,  for  not  infrequently  one  animal  reacts  quite 
'liffcrently  from  others  of  the  same  species. 

As  bta  l>ecn  mentioned,  one  form  of  idiosyncrasy  consists  in  the  fail- 
"IV of  tilt*  individual  to  rea«!t  to  the  ordinary  d(»w  of  a  drug.     This  is 
tnoffri  as  Tolerance,  and  this  particular  form  of  idiosyncrasy  may  be 
termed  cftngeaiial  tolerance.     Certain  species  of  animals  tolerate  quan- 
tities of  dnigs  which  would  be  fatal  to  others  of  the  same  size.     In 
Tact,  .'W  frerpiently  is  this  the  case  that  it  is  impossible  to  determine  the 
fatal  dose  of  any  drug  on  an  animal  from  experiments  jierformed  upon 
others  of  a  different  species,  even  though  it  be  nearly  related.     One  of 
the  roost  remarkable  examples  of  this  form  of  tolerance  is  met  with  in 
rhe  hedgehog,  which  n's*ists  large  doses  of  many  very  active  poisons. 
Another  well-known  example  is  the  tolerance  of  the  rabbit  of  large 
quantities  of  atropine. 

A  liirm  of  tolerance  which  is  a  matter  of  everyday  observation  is  that 
induced  by  the  prolonged  use  of  a  drug,  which  has  been  called  fu'tpuntl 
tiilerance,  or  mithridatism,  from  the  belief  that  MithrithUes  protected 
himself  iu  this  way  from  the  danger  of  poisoning,  Tli«  mojit  funiiliar 
example  of  this  form  of  tolerance  is  that  acquired  for  tolmeco  (iiic^f>tine) ; 
tlie  first  cigar  often  induces  violent  poisoning,  but  if  a  habit  lie  fi>rmed, 
eoasi<leml)lt*  amounts  of  nicotine  n»ay  Ix*  absorbixl  without  apparent  harm, 
tjot  l»ecausc  the  al)s<iq>tioii  is  rpt;irded,  in"  the  excretion  is  accelemtwl, 
hut  becau^  the  tissues  hecume  acoustomeil  to  the  presence  of  small 
tpuntities  of  nicotine,  nnd  thus  fail  to  rrat-t  tn  it.  Nirotine,  in  fact, 
becomeij  a  normal  CDUstituent  of  the  tls&ucs.     This  tolerance  is  entirely 
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(liflTerent  fVuni  the  immunity  inducetl  by  toxalbumins  (see  Rioin).  an 
is  desirable  that  the  two  tcims  should  be  kept  distinct.  Very  often 
while  tolerance  for  a  poison  is  establisiied  in  certain  tissues^  others 
Biifler  fnnu  the  prolonged  use  of  excessive  (|Uantities ;  for  example, 
although  the  aeadoned  smoker  does  not  suffer  from  the  nausea  ami 
vomiting  which  followed  hifl  first  ensay,  otiier  organs  may  in  course  of 
time  become  involved,  such  as  the  heart  or  the  eye.  It  is  to  lie  noted 
that  tolerance  is  soon  lost  if  the  drug  be  discontinued  for  some  time. 
This  is  of  great  importanc*e  in  cases  of  opium-eating,  for  a  person  who 
has  taken  opium  for  a  long  time  acquires  a  tolerance  for  the  drug,  ao 
that  sometimes  enormous  qunntitieti  are  required  in  order  to  induce 
the  ordinary  effects,  but  if  the  habit  be  diseimtinued  for  some  time 
the  tolernnce  is  lost,  and  a  dose  which  would  formerly  have  had  little 
effect  may  now  induce  dangerous  poisoning.  The  prohtnged  use  of 
one  drug  may  establish  tolerance  for  others  of  the  same  clatiS.  Thus 
chronic  drniiknrds  are  not  inftuenced  by  large  quantities  of  alcohol, 
and  are  also  more  resistaut  to  the  action  of  cIilon)furm  than  ordinary 
jHTHons,  this  l>elng  <luo  to  the  fact  that  (chloroform  and  alcohol  act  on 
the  suuK!  nerve  cells  in  the  same  direction,  and  probably  induce  the 
same  changes  in  the  protoplasm. 

Tlie  Cumulative  Effect  of  drugs  is  another  phenomenon  caused  by  their 
proloiige*!  ingestion.  Small  doses  of  certain  dntg.s  taken  reix-atcdlv 
for  some  time  eventually  cause  symptoms  which  an.'  much  more  marked 
tlian  those  caused  by  a  single  small  dose.  In  many  instances  this 
seems  due  to  the  accumulation  of  considerable  quantities  in  the  tissues. 
Tiie  absorption  may  l>e  more  rapid  than  the  excretion,  and  each  new 
dose  thus  adds  to  the  total  quantity  in  the  blood  and  organs  more  than 
is  lost  in  the  same  time  by  excretion.  The  classical  example  of  cumu- 
lative action  is  that  of  digitalis,  but  it  is  much  more  fre<|uently  induced 
by  such  drugs  as  mercury,  arsenic,  or  the  iodides,  for  the  so-called 
chronic  poist^ning  induced  by  these  is  really  an  example  of  cumulative 
action.  It  has  been  suggested  ttiat  cumulative  uelion  is  not  rt^lly  due 
to  the  accumulation  of  the  drug  in  the  tissues,  but  to  a  summation  of 
a  pr<doTigpd  series  of  effects  of  the  same  kind  ;  but  alllmugh  the  increase 
of  the  drug  in  the  organs  has  not  been  proved  in  al!  instances,  it  seems 
probaVile  that  this  is  the  explanation  in  the  great  nijijority  of  cases, 
IM*rhai>s  in  all.  C^umidative  action  may  occur  along  with  tolerance,  as 
has  been  stated.  Thus  the  tolerance  of  certain  tissues  for  nicotine  does 
not  protect  others  from  the  effects  of  the  abuse  of  tolmcco. 

Synerffiats. — The  presence?  of  an*)ther  dru^  having  the  same  effects 
in  the  body  often  increases  llie  action  of  a  remetly  to  an  unex|x>cted 
extent.  This  is  the  ground  for  the  prescription  of  several  remedies 
acting  in  the  same  way.'  Ftir  example,  several  purgatives  prescrilwd 
togetlicr  often  act  more  efficiently  \\m\\  any  one  given  in  tpiantity  equal 
to  all  <if  them.  It  is  quite  itnposHiltlo  to  explain  this  except  by 
assuming  that,  although  all  are  alike  in  their  chief  features,  they 
differ  in  the  details  of  their  reactions,  so  that  parts  of  the  alimentary 

^Thc  le«  important  ones  arc  sometimes  termed  aHjiivnntR. 
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canal  whiob  might  csca]>G  odd  are  affected  by  another,  and  the  mixture 
thus  acts  more  universally  than  any  one  of  the  components.  It  must 
be  atlded  thai,  although  tlie greater  eflicieucy  of  the  mixture  is  attested 
by  the  general  Ix'lief  of  physicians,  uo  very  satisfactory  researches  ou 
the  subject  have  lx»cn  carried  out  as  yet. 

On  the  other  hand,  a  drug  may  fail  to  elicit  any  symptoms  if  an 
antagonistic  substance  be  present  in  the  body.  Thus  in  cases  where  a 
jK-twprful  nervous  depreHsant,  such  as  chloroform,  has  Iwen  inhaled, 
strychnine  may  have  little  or  no  effect  on  the  spinal  cord  iu  doses 
which  would  normally  increase  the  reflexes  to  a  marked  extent.  In  the 
same  way,  if  the  terminations  of  the  inhibitory  fibrcH  of  the  lieart  are 
paralyzed  by  atr*jpine,  a  poison  which  normally  slows  the  heart  by 
stimulating  these  terminations  will  have  no  such  effect  except  in  very 
much  larger  dose^. 

8imilar  modifications  of  the  effects  of  drugs  may  be  induced  by  poi- 
sons induced  by  pathologit^al  changes  iu  the  tissues,  or  by  an  unusual 
of  irritation  or  of  depression  of  the  tissues  themselves.     P'or  ex- 

ple,  in  hot  weather  and  in  tropical  climates,  purgatives  are  fouud 
much  more  efficient  than  in  colder  climates,  cither  because  there  is 
some  poison  which  acts  along  with  the  purgative,  or  bcoAUse  the  mucous 
membrane  is  more  irritjible  than  UHual.  That  some  such  factor  is 
present  in  these  conditions,  is  sliown  by  the  frequent  occurrence  of 
diarrhcea  without  the  use  of  drugs. 

Similarly  when  an  antagonistic  poison  is  formed  in  the  tissues  in  the 
course  of  a  disease,  a  drug  may  have  little  or  no  effect ;  so  that  if  the 
inhibitory  canliac  terminations  are  paralyzed  by  disease,  the  heart 
cannot  be  ^lowe<l  by  muscarine  or  digitalis. 

pathological  conditions  very  often  modify  the  effects  of  drugs  to  a 
very  considerable  extent,  and  in  a  way  which  eaonot  be  explained  at 
pre^w^nt.  For  example,  the  anti])yretics  reduce  the  tem|M;rat»ire  in 
fever,  but  have  no  effect  on  it  in  l)ealth  ;  the  bromides  lessen  tlie  con- 
vulsions in  epilepsy,  but  have  much  It'ss  effect  in  depressing  the  brain 
in  normal  persons.  The  question  may  therefore  be  raised  whether 
the  examination  of  the  effects  of  drugs  in  normal  animals  is  of  much 
value  in  indicating  their  theraiM'utic  action.  But  in  reply  it  may  lx» 
said  that  in  a  large  number  of  instances  drugs  are  given,  not  in  order 
to  atrt  u|K>n  the  diaeasetl  tissues,  but  uj»n  healthy  ones.  The  object  of 
the  tiierapeutist  is  very  generally  not  to  restore  the  dise;ised  tissue, 
but  to  relieve  it  from  work,  and  to  allow  it  re-st  so  as  to  promote  its 
reertoration  by  nature.  For  instance,  in  disease  of  tlie  curdiac  valves, 
drags  are  given  not  with  the  object  of  restoring  their  integrity,  but  to 
act  upon  ti»e  healthy  lieart  muscle,  and  to  obviate  the  disturbance 
of  the  circulation  which  is  caused  by  the  destruction  of  the  valves.  In 
inflammation  of  (he  kidneys,  the  physician  seldom  attempts  to  reduce 
the  inflammation  by  the  action  of  drugs  cm  the  cells  involved,  l)Ut 
confines  his  attention  to  removing  by  other  channels  the  products  of 
tiasue  waste,  which  would  normally  be  excrete<l  by  the  kidney.  So 
that  in  most  instances  drugs  are  giveu  to  act  ou  normal  tissues,  or  on 
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tiHsucH  which  are  so  Httle  affected  by  disease  that  they  react  to  reme- 
dies in  the  same  way  as  the  normal.  In  other  cases  in  whicli  the 
remedy  acU  on  the  cause  of  tlie  dieH-ase  or  on  the  iliseased  tissue,  its 
lulroductiou  is  due  to  clinic4il  experience  only.  Thus  quinine  destroys 
the  organism  of  malarial  fever,  but  this  could  never  have  been  autici- 
pate<l  from  its  action  on  the  normal  tissues,  and  could  only  be  discov- 
ered by  experiments  on  the  organism,  or  rather  by  experiments  on 
persons  suffering  from  the  disease,  as  the  organism  has  been  recog- 
nized only  of  late  years. 


METHODS   OP  ADMINISTRATION. 

The  effect  of  a  remedy  is  often  determined  ver\-  largely  by  the 
method  in  which  it  is  administered.  As  regards  the  local  action,  this 
is  sufficiently  obvious,  for  an  irritant  applied  to  the  skin  wnid  st^arcely 
be  expected  to  cause  the  same  symptoms  as  if  it  were  applied  to  the 
Btomacli  and  intestine.  But  the  same  holds  true  for  the  general  action 
in  most  instances,  because  some  tissues  and  organs  absorb  much  more 
rapidly  than  others,  and  a  larger  r|nantity  of  the  drug  therefore  passes 
thi-ough  them  into  the  blood  in  a  given  time.  Thus,  if  a  |x)ison  which 
is  ab3t>rbeil  slowly  be  rapidly  excreted,  so  little  of  it  may  exist  in  the 
blood  and  tissues  at  any  given  time  that  no  effects  are  induce<l,  while 
if  it  be  rapidly  absorbed,  the  same  dose  can  exert  some  action  before  it 
is  excreted. 

Drugs  are  applied  for  their  Local  Action  to  the  skin,  to  the  mucous 
membranes  of  the  alimentary,  respiratory,  and  gcnit<vuri(inry  tracts, 
and  to  the  conjunctiva  and  cornea.  Not  infr)X|iiently  they  are  injected 
by  means  of  the  hypotlermic  needle  into  the  subcutaiuoiiH  tissues  for 
their  lot-ul  effects,  and  the  attempt  is  contintially  being  renewed  to 
treAt  even  the  deep«?r  tissues  and  organs  locally  by  the  injection  of 
remedies  into  them.  The  objects  of  local  medication  are  very  diverse, 
and  can  be  tn»ated  of  only  in  connection  with  the  individual  drugs. 
The  melhods  of  application  are  also  so  numerous  that  only  a  few  of  the 
chief  can  be  mentione<i.  Drugs  intended  for  application  to  the  skiu 
are  often  formetl  into  salves  or  ointments  (nngnenta)  by  mixing  them 
with  oily  or  fatty  substances,  which  adhere  to  the  skin  and  do  not 
dry  up,  and  which  in  addition  to  serving  as  a  means  of  applying  an 
active  substance,  protect  the  surface  from  the  air  and  from  irritation. 
Other  preparations  for  application  to  the  skin,  such  as  the  plasters 
(omplastra),  resemble  tlie  ointments  in  their  gtmcral  characters,  but 
also  give  mechanical  supj>i>rt,  and  bind  surfaces  together  from  their 
being  spread  on  paper  or  cloth,  which  thus  serves  as  a  flexible  splint. 
The  collodions  and  cerates  rcseml)l('  the  planters,  the  oleates  tlic  oint- 
ments. In  addition  to  these  special  preparations,  drugs  may  be  ap- 
plied to  the  skin  in  solutions,  or  as  }M>w<lers,  or  solid  masses  may  be 
used  to  cauterize  it. 

The  methods  of  applying  drugs  to  the  alimentary  tract  and  to 
lungs  for  tlieir  local  action  are  for  the  most  jmrt  similar  to  those  m 
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Yvliirb  are  intended  to  be  ab3(>rlKf<].  The  mouth  and  throttt 
tnny  be  woBhwl  out  with  solutions,  which  arc  gargled  (gargarismata), 
or  may  be  treated  with  [wwders,  or  lozenges  (troohisei),  wliich  are 
slowly  dissolved  und  tlius  permit  of  a  more  prolonged  and  eonsdiiit 
action  in  the  moiitii  than  is  pos.sible  if  the  drug  be  swallowed  imme- 
diately. The  nose  may  Iw  wai^lied  out  with  sohitions  of  aetivf  drugs, 
(<ir  powders  inuy  be  drawn  into  the  nostrils  as  snuffs  ;  the  latter  often 
rao^  sneezing,  and  are  sometimes  known  as  sternutatories,  orerrhines. 
The  lar>'nx  may  be  treated  locally  by  the  appliwition  of  powdrrs  or 
of  very  small  fjuantities  of  fluids  by  means  of  the  laryngosoopie  mirror 
and  pnjN'.  Solutions  are  generally  used  for  application  to  the  eon- 
jaDctiva,  but  a  more  permanent  effect  can  often  be  obtained  from  the 
MiK!  of  ointments  or  jwwders  which  are  less  liable  to  Ih'  washe*!  awav 
by  the  tears.  The  urethra,  vagina  and  uterus  are  treated  by  the  iu- 
je^tii>n  of  solutions,  or  by  ointments  and  |v>wders.  Ii<.>ugies,  which 
tLTv  occasionally  advised,  are  formed  by  incorporating  an  active  drug  in 
gtome  substance  which  is  solid  at  ordinary  temperatures,  but  mclta 
when  intHKlneetl  int<i  the  organ  and  allows  the  drug  to  cimie  into  con- 
tact with  the  surface.  The  n*etum  may  similarly  Ix*  treated  by  the  in- 
tion  of  drugs  in  solution  or  suspension  (enemata),  or  by  the  use  of 

^pofiitories.  Drugs  are  not  infrequently  applie<i  by  the  rectum  in 
order  lo  elicit  their  action  after  absorption,  but  much  oftener  for  their 
local  action  on  the  bowel.  EuematJi  may  be  either  large  (a  pint  or 
mon^)  or  small  (2-*")  e.c,  J— I  ff.  dr.).  The  large  enemata  are  useil 
either  to  wash  out  the  intestines,  and  miiy  then  contain  an  antiseptic 
iw  astringent,  or  to  induce  peristalsis  and  evacuation  of  the  bowel, 
wlivn  they  arc  made  up  of  water  with  or  without  soap  or  other  slightly 
irritant  sub-^tancrs.  The  small  enemata  are  used  chiefly  to  induce 
rraruation,  and  contain  more  irritaut  substances,  such  as  glyct^rin 
alime  »>r  along  with  some  niore  active  Ixxly  (see  uses  of  the  vegetable 
|Hirgntivi':<).  The  supp^jsitories  are  foruKnl  of  eaeao-butter,  which  is 
!«4id  at  mom  temjH'ratures,  but  melts  at  the  temjierature  of  the  retrtum. 

\  isible   nuicous   membranes  may  also  be  cauterized  by  the 

a|ii-i  .  i)f  a  solid  nn!  of  a  <t)rn>sive  for  a  slwirt  time. 

Ilrugs  wht»:»e  Ckneral  Action  is  to  be  elicited  after  their  absor|)tion 
■ivetveii  by  the  mouth,  except  when  some  special  ehanieter  in  them  or  iu 
tiie oiaesL?**?  renders  stiine  other  method  preferable.  They  may  be  given 
hy  '  t|i  in  solution  in  water,  aU-ohol,  oils,  or  other  more  or  less 

in*i  '  -wlics.     The  disagreeable  taste  of  many  remedies,  however, 

\*4icu  precludes  thi«  method,  and  these  may  be  orderefl  in  the  form  of 
pills,  or  in  capsules,  which  are  formed  ofgelatin  or  similar  sulxstanees  and 
apt  dissolved  in  the  stomach  and  intestines.  Ver)'  often  the  disagrec- 
nuiy  be  eon<H»ided  by  the  addition  of  8ug:»r,  or  of  some  strongly 
but  agreeable  Ixxiy  such  as  a  volatile  oil.  lus<»luble  drugs  may 
ns  powders,  as  they  have  little  or  no  taste.  Powders  are  also 
as  a  means  of  administering  soluble  drugs,  if  they  have  not  a  dis- 
bh*  ta^ite  and  have  i»o  marktrd  local  action,  but  very  dclic|uc,sci'nt 
IrnjfB  «iboul<l  not  Uv  giveu  in  this  form.      Insoluble  drugs  are  sometimes 
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pos.s  backward?.  The  more  concentrated  the  vapor  inhalecl,  the  more 
fihloroforrn  iacoutaiued  in  the  cubic  centimeter  of  blood,  and  the  greater 
is  the  action  on  the  nervous  centres  and  the  heart. 

Less  volatile  substances  are  sometimes  inhaled  into  the  lun^s  for 
their  local  action,  and  even  non-volatile  bodieti  snsj)ended  in  a  npray 
of  vajwr  may  be  thro\vTi  into  the  respiratory  passages,  but  it  may  be 
que8tioiic<I  whether  tlu*se  last  rt^ally  reach  the  alveoli  except  in  traces. 

Drugs  ure  also  applied  to  Uw  Kkin  in  order  to  elicit  their  general 
action.  Volatile  bodies  arc  certainly  absorbed  by  it,  although  much 
more  slowly  than  by  the  lungs  or  by  the  stomach  and  intestine.  Solu- 
tions in  water  of  non-volatile  drugs  are  not  absorbed  from  the  skin,  but 
solutions  of  certain  remedies  in  alcohol,  oils,  fats,  ether,  and  some  other 
substances  which  are  capable  of  dissolving  or  mixing  with  the  fatty 
covering  of  the  skin,  are  absorlK*d  fairly  rapidly  if  they  are  rubbed  in 
thoroughly.  This  metho<l  of  application  finiinction)  has  been  used 
chiefly  for  the  absorption  of  mercury,  as  the  local  actiou  on  the  stomach 
and  bowel  is  thus  avoided.  (See  ^Mercury.)  ^Vlkaloids  do  not  apj>car 
to  Iw  al>i*orbe<i  by  the  skin  even  when  dissolved  in  oils  or  alcohol.  An 
entirely  obsolete  method  of  application  is  the  cndcrmic,  in  which  the 
epidermis  was  removed  by  a  blister,  and  the  remedy  then  applied  to 
the  exposed  corium. 

The  hifpodermic  mHhod  is  of  comparatively  recent  origin,  but  is 
being  more  widely  use<l  every  year.  In  it  drugs  are  injected  through 
a  fine  hollow  needle  into  the  subcutaneous,  or^  in  the  case  of  more 
irritant  substances,  into  the  muscidar  tissue,  where  they  meet  with 
fewer  sensory  nerx'es.  Alwiorption  occurs  more  rapidly  than  when 
drugs  are  given  by  the  mouth,  the  local  action  on  the  alimentary 
canal  is  avoided,  and  the  physician  is  more  certain  that  the  whole 
of  the  remedy  is  effective,  provided  it  is  soluble  and  is  not  pre* 
oipitated  at  the  point  of  injection.  At  the  same  time,  the  methf>d 
has  ccrt:iin  dniwbacks,  the  chief  of  which  are  the  pain  of  the  injec- 
tion and  the  danger  of  injecting  a  powerful  remedy  into  one  of  the 
subcutaneous  veins.  Hypodermic  injections  should  be  made  only 
by  the  physician  or  trained  attendant,  for  incalculable  injury  has 
Ijocn  done  by  entrusting  patients  with  the  syringe,  particularly  for  the 
injection  of  morphine  and  cocaine.  The  nwdio  and  syringe  ought  \m 
be  disinfected,  and  the  substance  injected  should  be  asej>tic,  and  this 
renders  the  method  inconvenient.  As  a  general  rule,  solutions  in 
water  or  in  dilute  alcohol   are  used  for   injection,  but  the   insoluble 

ts  of  mercury  have  also  been  injecte<I,  suspended  in  oil  (sec  Mer- 
•),  Irritant  drugs  are  to  be  avoided  as  far  as  ]X)ssiblc,  ns  they 
cau^  great  pain,  swelling  and  sometimes  suppuration,  even  when  the 
iojoction  has  been  t-arried  out  asepticiilly.  Hypodermic  injection  is  use<l 
very  largely  to  elicit  the  general  action  of  a  renurtly,  but  also  for 
ll^e  local  effei^ts,  as  when  cocaine  is  injected  in  order  to  produce  local 
aasHthesia.  Solutions  of  inert  iMxlies  have  alj^o  some  aniesthetic  action, 
probably  owing  to  their  mechanicyil  action  c)n  the  sensory  nerve  fibres. 
A*  tbe  absorption  from  the  subcutaneous  tissues  is  so  much  more  rapid 
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thnn  that  from  the  Btomadi  and  iiiteKtiue,  when  the  drug  is  in  perfect 
solution  the  tlt».s<;  has  to  be  redu(.:ocl.  As  a  general  rule,  about  one- 
half  of  the  onlinary  amount  is  sufficient. 

Deeper  injertions  arc  sometimes  m:»le  for  tlieir  l(x*al  action  on  the 
orji^ns.  ThiLs,  antiseptics  have  been  injected  into  luu^  «ivitie.s,  caustics 
have  been  injente<]  into  tumors,  and  direct  applications  have  been  Diade 
to  the  nerve.'^in  eciali<^  and  other  similar  disonlers. 

Iixfrmrimiis  itijrrfion  is  the  most  o<.^rtai[i  nietho<l  of  bringing  drugs 
into  the  circulation  and  tissues,  an<l  is  at  the  same  time  the  most  rapid. 
It  is,  therefore,  very  largely  used  in  experiments  on  animals,  but 
has  generally  l>een  considered  too  dangerous  for  thei*apeulic  pur|>o»>8 
in  man.  liaccelli  has,  however,  renjuiuituded  it  highly  in  recent  years 
in  cases  of  emergency,  in  which  the  ininjediate  action  of  a  remedv  is 
required.  In  pernicious  malaria,  and  in  syphilis  when  an  important 
organ  is  thrcatene<l,  he  has  injected  small  quantities  of  ipiinine  and 
mercury  with  great  success.  The  dose  must  be  very  much  smaller 
than  that  employe<I  by  the  moutli,  but  it  is  imjH>ssible  as  yet  to  state 
exactly  what  fraction  will  induce  the  same  effects. 

Drugs  Jirc  occasionally  njipliwl  l>y  ihf  rcHum  for  their  general  action, 
as  has  been  mentioned.  The  loral  eflects  on  the  sloma<^lj  arc  avoideti 
by  this  method,  and  morphine  and  opium  are,  therefore,  not  infrequently 
administered  thus.  The  rate  of  absorjttion  fnun  the  rectum  as  com- 
pare<i  with  tliat  from  the  stouKicli  and  bowel  i^i  still  a  disputed  point, 
and  some  physicians  rccommeml  that  the  dose  l>e  reduced  to  thj-ee- 
ionrths,  while  others  recommend  one  and  ouc-half  times  that  given  by 
the  mouth. 

Drugs  are  not  administorcd  by  tht*  oflttT  niueouj*  viejuhtaur^  for  their 
general  cifects,  but  it  mu-it  not  \k'  forg«>tten  that  syaiptoais  may  arise 
from  their  application  to  them  for  their  local  action.  Similarly,  drugs 
applied  as  dressings  to  iroirmh  or  nhnr^lovshuve  very  often  given  rise  to 
severe  or  fatal  poisoning  from  being  absorbed  into  the  blood  and  tissues. 

TH£  CHEMICAL  CHARACTERS  OF  DRUGS. 

An  enormous  number  of  sul>&tances  induce  changes  in  the  living 
organism,  and  have,  tluTcfon*,  to  l>c  recognized  in  pharmacological 
tnaitises.  Many  of  them  aiv  comparatively  sim])le  ctjcmical  com- 
pounds, and  require  no  general  description  here,  but  less  attrniion  is 
paid  in  ordinary  chemical  text-lwioks  to  certaiu  groups  of  active  poisons, 
and  some  note  uuist  be  taken  of  their  general  projierties. 

In  the  iiiiir<;atiic  materia  nii^dica  ar*^  found  maiiiy  salts,  bases,  and 
acids,  and  a  li'W  um-ombiued  elements,  such  as  mercury  and  phosphorus. 

Orgiiiuc  chemistry  offei's  a  large  anil  ever-iucreasing  number  of  arti- 
ficial compounds  which  belong  to  almost  every  one  of  the  divisions 
reeogniaed  in  chemistry.  The  hydrocarbons,  alcohols,  ethers,  pheuols, 
ketones,  aldehydes,  acids,  and  many  othei-s,  contribute  active  agents, 
an<l  in  fact  most  of  them  are  rc[>n  seated  by  one  or  more  mendjcrs  in 
therapeutics.     They  may  all  be  regarded  as  sutlicicntly  known  by  slu- 
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who  are  prepared  to  stiuly  phammcolopy  with  profit,  but  some 
6ab8tanc4*H,  ohtain<*(i  ohiefly  from  plauts,  require  fiirtlier  meutimi. 

The  first  group  of  ihi'tsC  is  ibrnicd  by  the  Alkaloids,  which  are 
subatitutod  ammoDia^,  aud  have  a  more  or  less  strongly  alkaline  re- 
action, fto  that  they  are  oAeu  known  as  tlic  vegelaltio  ba«'s.  They 
cMintjiin  tairbod,  hydrogen,  nitrogen,  and,  as  a  goutTal  rule,  oxygen, 
although  ^onie  of  them,  Hurh  aa  noniine,  are  devoid  of  it.  Like  ara- 
mouia,  they  r-ombine  with  acids  readily  without  cHminating  liydrogen, 
and  the  salts  thus  formed  resemble  those  of  ammonia  in  many  respects, 
among  otliers  in  iH'ing  thrown  out  of  combination  l>v  the  fixrd  alkalies. 
The  term  alkaloid  is  often  restricted  to  compounds  of  jiyridine  and 
(piinulims  but  thi.^  uarr(»w  defiuition  caun(»t  be  uiaintciiui-d  in  trt-ating 
them  from  the  phannacologieal  point  of  view.  It  i.-*  iriie  that  most 
of  tile  veg;ctable  alkahtidrt  whose  eonHtitiititm  is  known  are  derive*!  from 
pyridine,  (|uin(iline  and  ir-<>(juinoliue  by  the  addiliim  of  hydrf»gen,  and 
jfeiiL-rally  by  thr  substitution  nf  one  ur  more  of  the  hydrogen  atoms  by 
side  chains  of  greater  or  less  complexity. 
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Rut  others  apiH-ar  to  l>c derivatives  of  the  pyrrol  and  oxazine  gnnips, 
whih^  in  «)thers  the  nitrt>gen  is  attaebtni  to  nidieles  behmging  to  the 
methane  or  oiwn-chaiu  series,  as  in  ('H(OH)^  —  CH^  —  N(CH3)/)H, 
whieli  Is  generally  reganled  as  the  tnrmida  of  muscarine.  Another 
H'ries  of  b<Mlie.s,  which  may  be  rrganleil  as  alkaloids,  altlnnigh  they 
(Jiflf'r  fnun  llie  <ttbers  iu  many  resj»ects,  ajv  derivatives  of  aniline,  aud 
lUV  ttititieiid  pr^Mluets. 
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I'yf'ul.  AnlHiw  OxuElne. 

These  uiiiline  derivatives  bear  some  relatlou  to  the  vegetaVtle  bases 
in  tlicir  actiim,  but  are  e^pially  4tr  nton'  nearly  related  to  die  benw)l 
rierie?*,  .so  tlmt  they  may  be  n"g:inlei(  as  eoiniefltng  links  between  thest* 
two  classes  of  iMNlies.  Finally  the  })uriue  bodies  (see~(.'afleine  group) 
be  mentioned  in  this  e^inneetion,  altlmugh  their  I'heniienl  stnieture 
?ly  i»ennits  of  iheir  being  uuniUereil  aiiioni;  the  trtie  alkaloiits. 
Borne  of  the  vegetable  alkaloids  have  been  f*ornu«l  Hynttietirullv  iu 
the  lalK»rdtory,  aud  the  eonstitnltou  of  (Some  of  the  others  vs  pei*fectly 
well  known,  but  many  of  them  have  not  yet  l>een  isi)lattHl,  and  there 
are  probably  others  whose  existence  is  not  even  suspected.  These  v€*ge- 
table  alkaloids  occur  iu  almo.st  all  jMiris  of  planta,  although  thevare 
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found  in  greatest  abundance  in  the  seeds  and  roots.  The  same  alka- 
loid is  oflen  found  in  most  of  the  plants  of  a  genus,  or  it  may  occur  in 
one  or  two  species  of  a  genus  and  in  other  plants  which  are  in  no  way 
related.  Very  oflen  more  than  one  alkaloid  is  found  in  a  plant,  and 
these  may  differ  entirely  in  their  action  on  animals,  although  not  in- 
frequently all  the  alkaloids  of  a  plant  resemble  each  other  in  their 
effects.  The  alkaloids  are  found  almost  exclusively  in  dicotyledonous 
plants,  only  one  or  two  being  known  to  exist  in  the  monocotyledons. 
Muscarine  is  found  in  the  fungi,  and  quite  recently  alkaloids  have 
been  isolated  from  the  suprarenal  capsule  of  animals  and  from  the  skin 
of  the  salamander. 

The  alkaloids  are  very  often  only  slightly  soluble  in  water,  but 
form  salts  which  are  generally  more  soluble.  Many  of  the  bases  are 
dissolved  in  ether,  chloroform  and  amyl  alcohol,  while  the  salts  are  in- 
soluble in  these.  Both  bases  and  salts  are  generally  fairly  soluble  in 
alcohol.  The  alkaloids  are  precipitated  from  solution  by  a  large  num- 
ber of  reagents,  of  which  the  most  important  are  the  chlorides  of 
platinum  and  of  gold,  tannic  acid,  phosphotungstic  and  phosphomo- 
lybdic  acid,  the  double  iodides  of  potassium  and  mercury,  and  of  po- 
tessium  and  cadmium,  and  iodine  held  in  solution  in  water  by  potassic 
iodide.  The  hydrates  and  carbonates  of  the  alkalies  and  the  alkaline 
earths  precipitate  the  alkaloids  from  solutions  of  the  salts  in  water,  a 
point  of  some  importance  in  prescribing  these  bodies.  In  cases  of 
poisoning  when  the  alkaloid  has  been  taken  by  the  mouth,  it  may  be 
precipitated  in  the  stomach  by  dilute  alkalies  or  better  by  tannin  solu- 
tions. The  poison  should  then  be  removed  by  inducing  vomiting  or 
by  washing  out  the  stomach  with  the  stomach  tube. 

Another  important  class  of  vegetable  poisons  is  formed  by  the  Qlu- 
cosides  (glycosides),  or  saccharides,  which  are  esters  (compound  ethers) 
composed  of  sugars  and  hydroxyl  substances,  and  which  liberate 
sugar  when  they  are  heated  with  acids,  or  sometimes  with  alkalies,  or 
when  certain  unorganized  ferments  act  on  them.  The  sugar  formed  in 
this  way  is  often  glucose,  but  not  invariably  so ;  the  other  decompo- 
sition products  have  been  identified  only  in  a  few  instances.  Many  of 
the  glucosides  contain  only  carbon,  hydrogen  and  oxygen,  a  few  have 
nitrogen  in  addition  and  one  or  two  sulphur.  In  some  instances  the 
remainder,  after  the  sugar  is  split  off,  is  an  alkaloid,  e,  g.,  solanidine. 
Glucosides  differ  greatly  in  their  solubility  in  water  and  alcohol ;  com- 
paratively few  of  them  are  soluble  in  ether.  Some  of  the  glucosides 
are  powerful  poisons,  others  have  little  or  no  action, 

Besins,  an  ill-defined  group,  are  found  in  many  plants,  and  are 
characterized  by  their  smooth,  shining  fracture,  and  by  their  insolubility 
in  water  and  solubility  in  ether,  chloroform,  volatile  oils,  benzol  and,  in 
many  cases,  in  alcohol.  They  seem  to  be  formed  in  plants  by  the  oxi- 
dation of  volatile  oils,  and  are  often  acid  or  anhydride  in  character, 
while  others  are  apparently  alcohols  or  esters.  The  resins  are  almost 
invariably  composed  of  several  different  substances  mixed  together. 
Many  of  the  resins  are  local  irritants,  and  some  are  poisonous  in  com- 
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paratively  small  quantity  from  the  powerful  action  they  exert  on  the 
intestine. 

OfeoreMtiui  are  solutions  of  resins  in  ethereal  oib,  which  lend  them  a 
ohanicterlstic  <nlor  and  taste. 

The  ttTtu  ^  linlattin*  is  often  Used  as  synonymous  with  oleoresin, 
but  most  writers  restrict  it  to  those  oleoresins  which  contain  ben- 
zoic and  cinnamic  acid  along  witli  other  constituents.  (See  Benzoic 
Acid.) 

6um>'Mtr(x  are  mixtures  of  resins  and  gums,  generally  containing  gome 
volatile  oi!s.  They  are  insoliiI)le  in  water,  but  the  resiu  is  sus|M»nded 
in  it  by  the  gum.  On  the  other  hand,  the  resin  is  dissolved  by  alcohol, 
while  the  gum  remains  insnUible. 

Qums  are  amorphous,  tniu»«parent  Kul>slanceH,  com[K)Hed  uf  carbohy- 
drates of  the  formula  C^IIi^O^  and  are  thus  nearly  relate*!  to  cellu- 
lose and  starch.  Some  of  them  are  soUible  in  water,  while  others 
merely  swell  too  jelly  in  it;  they  are  insoluble  in  alcohol.  They 
generally  occur  in  plants  in  combination  with  culciunij  magnesium  or 
potassium  ;  they  have  no  poirtonotis  action,  but  form  a  protective  (Mjver- 
iiig  for  irritated  &nrfacos,  and  are  largely  used  to  sus[»cud  in  water  sub- 
stance-^ which  are  insoluble  in  it,  such  as  resins  and  oils. 

Volatile  oils  occur  in  plants  in  large  numbers.     (See  page*?!.) 

ICany  Acids  which  are  of  pharmacological  and  therapeutic  interest 
are  obtained  from  plants,  but  it  is  unnecessary  to  enter  into  a  descrip- 
tion of  their  pro|)ertie3  here. 

FaLs  and  oiln,  sug:inji,  starch,  proteids,  coloring  matter,  ferments  and 
other  bo«.iies  which  occur  in  plants,  and  are  contained  in  many  of  the 
pre[>arations  used  in  therapeutics,  are  not  generally  possessed  of  any 
action  of  importance.  Those  which  are  active  in  the  body  will  be 
described  individually. 

Finally  many  of  the  active  principles  of  plants  are  entirely  unknown 
or  Imve  been  only  partially  examinwl.  Among  these  are  a  number  of 
sul>stanoes  which  have  little  in  common  except  their  bitter  taste  and 
which  are  known  as  Bitters. 


THE  PHAIlMAOOF(EIAS  AND  PHA£MAOOP(£IAL 
PKEFARATIONS. 

>st  all  governments  have  found  it  necessary  to  regulate  the 
ition  of  ilriigs  nned  in  therapeutics,  and  for  this  purpose  issue  at 
^alfi  codes  of  instructions  dclining  the  characters  of  the  drugs  and 
giving  the  exact  formulte  according  to  which  they  arc  to  be  prepared 
for  use.  In  the  United  States,  wliere  the  government  hxs  not  nn- 
dertiikc-n  this  as  yet,  a  code  has  been  preparcti  by  a  voluntary  assit- 
riation  of  physicians  and  pharmacists.  These  codes  arc  known  as 
Pharmacopoeias,  and  some  ditferences  exist  between  those  of  diSerent 
states,  although  the  most  important  drugs  are  found  in  all  of  them. 
AH  the  drugs  use<l  in  therapeutics  are  not  found  in  the  pharmacop(pias, 
for  tfaeae  are  issued  only  at  intervals  of  several  years,  aud  in  the  mean- 


time  large  numl)crH  of  remeiliea  arc  intrcMlnocd,  iisetl  for  a  few  months, 
and  pass  into  oblivion.  Even  whon  a  drug  maintains  its}>osition  for 
many  years,  and  promises  to  be  a  laMing  addition  to  therapeutics^  it 
often  failH  t<t  l>e  admitted  to  tlie  tjlHelM!  cotle,  wliile  others  <tf  ohler 
standing,  which  arc  «»ni|>aratively  seldom  used,  and  which  might  be 
omitted  wiiliout  loss,  ar*e  kept  on  the  list.  This  conservative  tendency 
of  the  compilers  of  the  pharmacopoeias  has  its  disadvantages,  but  at  any 
rate  tends  to  withhold  official  sanction  from  the  innumerable  ephemeral 
]»nHlurt«  of  chemiad  industry.  The  otHeial  <Iefmition  of  therap<*utic 
6ut>stances  is  of  advantage  to  Uith  physician  and  pharmacist,  as  it 
assures  the  former  tliat  the  drug  he  prescribes  will  have  a  uniform 
quality,  wherever  in  the  country  it  is  dispensed,  while  the  pharmacist 
is  saviKi  fn>m  the  continual  pre|mration  of  remetlies  in  different  forms, 
by  their  l>eing  prescrilM'd  in  one  r*'<H>gnized  strength. 

The  pharmacuixeias  contain  a  large  number  of  pure  substances  such 
as  salts,  acidn,  Uises,  alkaloids,  and  these  require  no  further  description. 
On  the  other  hand,  many  of  the  ilrugs  are  given  in  an  impure  form, 
either  because  the  active  principle  is  imknown,  or  Iwcause  it;?  isolation 
is  attended  with  diffindty  and  expi'iise.  Thus  many  of  the  vegetable 
remedies  are  presented  in  the  pharmac0|xjeias as  nulutionsor  solids  which 
contain  not  only  the  active  principle  but  gums,  sugars,  coloring  mutter, 
and  many  other  impurities.  These  are  provided  in  different  forms  to 
allow  of  variation  in  their  administration.  In  addition,  the  pliarma- 
oo[>opias  contain  a  number  of  official  prescriptions,  tluit  is,  mixtures 
of  active  sid)f^taiK!es  in  such  pro|K>rtions  as  are  ordinarily  prcserilKKl. 
These  arc  generally  designated  by  the  addition  of  com|>ound  fconi|K>- 
sitns)  to  the  name  of  the  chief  ingredient.  Afost  pharmacopoeias 
continue  to  use  Latin  in  the  titles  of  the  drugs,  and  this  is  not  due  to 
mere  pe«Jantry  or  conservatism,  as  is  oOen  stated.  For  the  jiopidnr 
name  of  a  drug  is  often  used  for  several  different  sui)stanees,  as,  for 
example,  hcllelxHT,  while  the  Latin  narne  in  a  prescri]ition  indicates 
that  drug  which  is  known  by  the  term  in  the  pliarmacojxeia.  In  the 
same  way  i*  in  found  news-^ary  to  maintain  Latin  terms  in  iKilany  and 
zoology  in  ortler  to  define  accurately  the  species. 

Many  crude  or  unprepared  drugs  are  found  in  the  pharmacopoeias, 
such  as  leaves,  roots,  flowers,  or  even  whole  plants.  These  are  used 
chiefly  for  the  prejiaration  of  other  more  readily  applicable  remedies, 
but  rire  sometimes  pi-eseribed  as  powders  or  in  pills. 

The  following  preparations '  are  official  : 


a.  Aqueove  Preparations. 

AqtUK,  medicated  waters,  jrenernlly  contain  only  traces  of  some  volalilr> 
fnibstaocc,  such  ns  an  elhcreni  oil  or  ehliniiform,  in  solution  in  wnler,  and 
tbes*  are  use<i  In  prescriplinns  as  uiori-  agreealilc  lu  the  liu^te  and  smell  than 
purv  water  but  buvc  uo  Jurther  etiect.     In  the  U.  S.  P.  the  solutiuns  of 

'  The  Ktiulpnl  i.-*  advised  to  omit  the  rollnwinR  list  for  the  present,  nnd  to  refer  to  il 
only  uB  he  taken  ij[»  xhc  Lirt-|niratiuiii>  of  (he  iiKlividuitl  ilrugs.  Musi  of  ihvsu  jm/inini' 
tioiw  are  found  \u  both  pnarnjai'opa-ins.  Tho^p  which  oeeiironly  in  thi-  Itritit^h  nrcindi- 
calod  by  B.  P.,  while  those  whieh  are  confined  l»  the  United  StateMire  marked  U.  8.  P. 
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chlorine,  ncamoniannd  hydrogen  peroxide  are  aXao  included  under  uquip,  but 
these  tire  useil  only  t<>  elicit  the  ypccHic  effects  of  thewe  driijEs  and  are  jMiwer- 
f\il  poisons.     In  the  B.  P.  the^e  strong  solutioitH  uro  inolutU'd  iu  the  HipioreH. 

LiquorfM  (U.  8.  P.)  are  aoluttons  in  water  of  soluble  sub&tauces  which  are 
not  volatile.  The  oflk'ial  soliitioufi  i»f  powerful  poi.son*>  are  often  one  per 
cent,  in  strength. 

Liffitorri*  (B.  P.)  are  solutions  in  the  widest  sense,  in  water,  alcohol,  or 
other  tJuiih?.  The  dissolved  substunro  may  be  volatile  or  non-volatile.  The 
**  concent rattHl  soliUiouH"  (B.  P.,  Liquorcs  Conrentrati)  are  not,  a»  might  be 
euppo^ed,  fxniiloiist'd  by  evaporation.  They  resemble  infiisions  and  decoc- 
tions in  nnwt  n^spccts. 

DfiwrM,  or  lietoctions,  are  impure  .solutions  of  vegetable  principles,  which 
are  ohtaini'd  hy  boiling  parts  of  plaut;^  in  watt^r. 

/rt/uwi,  or  infusions,  ar«  solutions  olitaiufd  by  soaking  part-s  of  plants  in 
water,  which  may  \w  hot  or  cold,  but  is  not  kept  bulling.  Infu:f<iuns  and 
ckctionit  are  weak  prejiaralion-i  and  decoupoiie  rapidly  so  that  they  are 
only  when  recently  ))repared. 

MiMurif  (U.  S.  P.),  or  mixtureji,  are  preparations  in  whifli  sulj^tantt*  in- 
»>luble  iu  water  are  su»i>eudcd  in  it  by  means  of  gums  or  similar  viscid  sub- 
cea. 

MiMarm  (B.  P. )  include  a  number  of  preparations  in  which  insoluble  bo<lica 

e  suspended  in  water  by  means  of  gtims  or  syrup,  but  one  mixture  coutains 
ooly  soluble  bu4lies. 

Eaitiha  {{J.  8.  P.),  emulsions,  are  formed  by  suspending  oils  in  water  by 
mean.<;  of  gums  or  other  viscid  bodies.  The  B.  P.  contain;'  nn  ollicial  cmul- 
0ion*4,  the  corro^iponding  preparations  being  known  as  mij*tura^. 

Mucil^itfinfH,  mucilages,  are  solutions  iu  water  of  gums,  Hlarch,  and  sim- 
ilar bodies. 

Sijritpi,  syrups,  are  strong  solutions  of  sugar  in  water,  which  may  he  used 
nlonn,  or  may  l>e  impregnated  with  more  artive  bodies.  Similar  preparations 
formed  with  honey  instead  of  synip  (sometimes  known  as  inc//;7rt)  are  olfieial, 

Mel  Rosie  ilT.  S.  P.),  Mel  Boracis  (B.  P.).     A  solution  of  honey  and  acetic 

d  is  known  as  oxymft  in  the  B.  P.  (Uxj'mel  Scillffi). 

Lotionrs  (B.  V.},  lotions,  or  washes.  This  term  is  used  to  designate  two 
preparations  of  mercury,  the  black  anrl  yellow  wash. 

b.    AlcoJiolic  Preparations. 

It  in  to  be  noted  that  iu  these  prepar.aions  the  menstrnum  (alcohol)  is  not 
an  indifferent  bo«ly  as  in  the  aqueous  preparations;  tht*  effects  of  8*»nH' of 
this  clnfw  arr  undoubtedly  due  rather  to  the  alcohol  than  to  the  dissolved 
BolMtunces. 

Spirituji,  spirits,  arc  solutions  of  volatile  iMxlius  iu  uU-ohol,  and  often  owe 
their  ehief  action  to  the  solvent  and  not  to  the  drug  couliiiued  in  it. 

FJixiriii  iX .  S.  P.),  elixirs,  differ  from  spiritA  chietly  in  contuiuiug  sugnre, 
whiclt  are  added  in  order  to  give  them  tuste. 

Tinrturtr,  tinctures,  are  solutions  in  nleohol  of  medicinal  substances,  which 

•genenilly  formed  by  soaking  parts  of  plants  in  it.  They  contain  both  volatile 
lind  Dou-volatile  ingredients,  but  the  latter  are  generally  the  more  importjint. 

FfuHitLTtr'vf'i  (if.  S.  P.),  Kxlrnrta  Liqitkin  (B.  V'.),  Iliiid  extniets,  are 
|ire|inred  frmn  pbinN  hy  fonning  solution?*  iu  water  <tr  more  freiiuently  in 
alcohol,  and  cvai>orating  ihera  until  tiic  solutions  contain  as  many  cubic 
centimeters  as  the  original  erode  dni^  weighed  in  grammes:  that  is  the 
volume  of  I  be  Huid  extraet  corresponds  to  the  weight  of  the  erude  drug. 

The  tinrtures  and  fluid  extraets  are  the  most  commonly  used  luiuid 
prefniration.'*.  and  most  of  the  im]iortunt  drugs  are  prepared  iu  one  or  Imth 
of  tJic.«e  forms. 

Kina,  medicated  winea^.  are  solutions  of  active  substances  in  wioe  or  in 
dilate  *Icohol. 
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Succi  (B.  P.)i  the  juices  of  fresh  green  planU,  obtuiaed  by  preaenre. 
ulcohol  ia  added  to  preserve  them  from  putrefaction. 


Some 


c.  Other  Fluid  Preparations, 
P.)  or  Glycerina  (B.  P.)  aro  solutions  of  medicinal  sub- 
are  solutions  of  medicinal  substonceg  in  oollodioii. 


Glycerita  (XT.  S. 
stances  in  glyoeria 

Cotiodia,   collodions, 
(Sef  Part  VI.) 

Acetat  or  medicated  vinegars,  are  solutions  of  medioiual  substanoea  in 
vincgiir  or  acetic  acid. 

Linimenta,  liniments,  embrocations,  arc  preparations  in  which  active  rem* 
edied  are  dissolved  or  suspended  in  dilute  alcohol,  oils,  or  water.  They  gen- 
erally contjiiu  au  oil  or  soup  and  are  intended  to  be  applied  to  the  slcin. 

d.  &jiid  and  Semi-SoUd  Preparations. 

Eztracta,  extracts,  are  formed  from  solutionK  such  as  tinctures,  decoctions, 
or  infusions  by  evaporation,  which  is  continued  until  there  remains  a  solid 
mas8.  The  extract*^  thus  contain  all  the  Hultstances  which  are  Uvken  up  by 
the  sulveut,  except  those  which  are  driven  offor  decomposed  by  the  temper- 
ature at  which  evu]iuration  is  carried  ou. 

Pitutjx,  pilU.  are  globular  masses  of  small  Rize,  such  as  admits  of  their 
being  easily  Kwallowed.  They  are  furnie<l  from  extracts,  or  from  powdei-s, 
by  the  additiou  of  some  subHtance  to  give  them  the  necessary  cohesion  and 
consisteuey.  Pills  generally  weigh  0.1-0.3  G.  (2-l>  grs.).  The  U.  S.  P.  de- 
termiueH  the  composition  and  size  of  the  oflieial  pills,  so  that  the  dose  can 
be  modified  only  by  ordering  several  pills  to  In-  taken  at  one  time.  The  B.  P. 
leaves  the  pille  unformed,  so  that  they  may  be  prescribed  of  any  size.  The 
Piliiloi  of  the  B.  P.  n^-ally  curre^poud  not  U>  the  Pilula;,  but  to  the  Massw  of 
the  U.  B.  P. 

MoMne  (IT.  S.  P.),  massee,  are  preparations  made  up  of  the  proper  oonsist- 
ency  for  pills.     They  are  invaiijibly  prescribed  in  the  form  of  pills. 

Conjtxiiones^  confections  or  electuaries,  are  soft,  solid  preparations  consist- 
ing of  sugar  or  honey  impregnated  with  some  more  active  body. 

iSi(/}pwri7or[a,  or  suppositories,  are  intended  for  insertion  into  the  rectum, 
urethra,  or  vagina,  and  are,  excei>t  in  one  or  two  cases,  farmed  by  mixing 
the  active  ingredient  with  cac^io-butter.  (See  Part  W.)  Suppositories  for 
the  rectum  are  eouical  in  shape  and  weigh  about  a  gnimmc(15  grs.).  Those 
(or  the  urethra  are  of  the  same  weight,  but  are  pencil-shaped,  while  the 
vaginal  auppositories  are  globuhir,  and  weigh  about  3  grammes  (45  grs.). 

Puiveres,  powders,  are  simply  dry  sulwUxnces  in  a  state  of  line  division. 
Most  of  the  oflacial  powders  are  mixtuiX'S  of  several  active  bodies. 

'JVituraliones  (U.  S.  P.),  triturations,  are  formed  from  powders  by  diluting 
them  with  nine  parts  of  sugar  of  milk. 

Trochi»ciy  troches,  or  lozengiw,  i\m  solid  masses,  generally  of  a  flattened 
shape,  and  consist  of  powders  or  other  bodies,  incorporated  in  9ii|2:!vr  and  gum. 
A  very  friable  form  of  lozenge  known  as  Tabcllic,  or  tablet  triturates  (not 
olBeial),  is  formed  by  pressing  in  moulds  a  mixture  of  powdered  sugar  and 
drugs,  slightly  moistened  with  alcohol. 

LameUie  (B.  P.),  or  discs,  are  snmll  discs  formed  of  gelatin  with  some  gly- 
cerin, each  weighing  VcnV  K**-  They  arv  iuiprcgimted  with  an  active  drug, 
and  are  applied  to  the  conjunctiva  in  order  to  elicit  the  local  eifecls. 

Unguetita,  ointments,  salves,  are  soft,  oily  substaue*^  which  are  applied  to 
the  skin  by  rubbing.      {See  page  iU.) 

Oleatay  solutions  in  oleic  acid  resembling  the  ointmeutB  in  a})pearance  and 

Oeraia  (U.  8.  P.),  cerates,  resemble  ointments,  but  are  rendered  harder  by 
the  additiou  of  wax.     (Sec  page  51.) 
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piftstera,  are  ttdhcsivc  bodies  of  a  still  harder  consistency  than 
ceratea,  and  soften  only  when  heated.     (See  I'art  VI.) 

Okar£A,  papent,  are  preparations  of  active  aubntancoA  which  are  s]^»rcad  in  a 
thin  layer  upon  paper,  or  are  incorpomtc<l  in  it  by  dipping  sheets  of  paper 
into  a  bolutioD. 

Unofficial  Preparations, 

CachtiB,  are  thin  discs  of  dough  of  the  shape  of  a  soup-plnte  and  \'ar5nng 
from  ^  in.  to  \\  in.  in  diameter.  When  two  of  them  are  placed  together 
with  their  concave  flide«  toward  each  other,  they  form  a  receptiide  in  whirh 
powden*  are  dispensed.  The  edges  stick  together  wlien  they  are  nioielene*!. 
A  somewhat  similar  method  of  dispensing  is  in  gelatin  capHulct,  whirh  may 
be  hard  or  soft,  and  which  are  made  in  difl'erout  sizes.  Tlie  hunl  cajisule  is 
used  for  solids,  the  soft  for  liquid.'*.  Sometimes  the  latter  contain  as  much 
fta  15  c.c.  (\  fl.  oz.),  but  these  are  ditticult  to  swallow. 

CtUapUumetta,  or  poultices,  are  not  ofhciul  prepurntiuns  now,  but  are  in 
common  use.  Tbey  are  K<^nerall.v  made  of  linseed  meal,  outmeal,  or  bread 
cnimb.  which  is  formed  into  a  paste  with  hot  water,  enclosed  in  thin  cotton 
or  liiH'u  and  applied  to  the  skin.  Mnstarfl  and  other  rcmwlies  may  he  added 
to  the  poultice  in  order  to  induce  special  elTects.  and  in  some  euses  a  poultice 
com^iHts  merely  of  drugs  enclosed  in  a  cloth  sack,  a^  in  charcoal  or  »\nve 
poultices. 

Kntrmtiia^  clysmata,  or  clysters,  are  liquid  substance  injected  into  the  rec- 
tum for  their  local  or  general  eflects.     (8ce  page  31.) 

CLASSIFICATION  OF  DRUGS. 

Writers  on  pharmacology  and  therapeutics  arrange  drugs  on  many  differ- 
ent principles.  Thus  a  somewhat  antitpiatcil  system  clrt.ssifie.s  the  vegetable 
remedies  according  to  the  botanical  families  from  which  they  are  obtained, 
but  there  is  little  advantage  in  this  arruugemeut,  for  an  order  muy  iuelude 
drugs  which  differ  entirely  in  their  action  and  in  the  therapeutic  u.ses  to 
which  they  are  put,  while,  on  the  other  hand,  two  widely  separated  botanical 
groups  may  contain  identical  poisons.  Another  chissifieatlon  of  drugs  \a 
according  to  their  thera[>cutic  efTect^t,  and  this  might  .seem  at  Hrst  sight  the 
mo«it  ot^nvcnieut  for  students  of  medicine.  Tliis  plan  has  its  tlrawlmeks, 
however,  for  many  drujp*  are  used  for  a  large  number  of  different  purposes, 
and  it  is  impos-iible  to  describe  them  under  each  heading.  In  addition,  (he 
claft!<itlcation  in  groups  is  always  liable  to  suggest  a  much  closer  resemblance 
in  the  elTecta  of  the  individual  dru^  than  really  exLsts.  Thus  (he  drugs 
often  cUiised  as  "  cardiac  stimulants  "  dilter  much,  not  only  in  their  effecta 
on  the  bixly  in  genenil,  but  in  their  aetion  on  the  heart,  and  opinions  mny 
differ  as  to  whether  some  of  them  stimulate  or  depress  the  heart.  They 
ocTtainly  cannot  In-  substituted  for  each  other  in  the  tre»tmcnt  *if  heart  dis- 
eftse.  as  is  ^ugi^^ted  by  their  being  classified  together  under  tliis  heading. 
Finally,  pmrrtical  thi-r9i|>euties  e^n  be  taught  only  in  the  clinic,  and  in  the 
teaching  of  pharmacnlog>'  it  seems  advisable  to  direct  the  student's  attention 
rutht-T  to  the  lurtion  of  drugs  than  to  the  pnw'tieal  uses,  which  can  \w  taught 
much  preater  advantage  in  connection  with  the  symptoms,  projcnosis,  and 
r  clinical  filatures  of  disease.  The  cla'*sifieation  of  rlrugs  and  poisons 
rding  to  their  aetion  on  living  matter  is  the  niitural  one,  and  is  based 
OD  the  stiine  loi^eul  priuciple  as  the  modern  clossifieatiun  of  plants  in  bot- 
any and  of  animals  in  zoology.  The  object  is  to  group  together  those  sub- 
tftannirs  whicb  have  most  points  of  resemblance,  whether  they  are  obtained 
from  the  same  or  from  different  orders  of  plants,  and  whatever  relation 
they  may  bear  to  each  other  in  thcmpciuics.  This  rlussilication,  which 
introdiieed  by  Buchheim,  has  been  further  developed  iiy  Schmiedeberg 
bis  popiU.     In  the  present  atate  of  knowledge  it  is  necessarily  imper- 
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feet,  and  many  resemblances  and  affinities  have  not  gained  that  recog- 
nition which  they  will  doubtless  receive  in  the  future.  Even  in  its  pres- 
ent imperfect  form,  however,  this  classification  is  the  most  satisfactory 
one  available,  and,  unlike  the  others,  it  can  be  easily  subjected  to  such  modi- 
fications a«  the  advance  of  science  renders  necessary.  If  ever  the  idea) 
classification  be  attained,  in  which  the  grouping  is  based  upon  the  chemical 
reactions  of  the  poisons  with  the  living  protoplasm,  this  natural  classification 
will  be  found  to  conform  more  easily  to  it  than  any  based  upon  origin  or 
temporary  therapeutic  uses. 

Kesemblance  in  pharmacological  action  does  not  necessarily  involve  simi- 
larity in  chemical  composition,  as  has  been  already  pointed  out.  But  it  is 
found  that  in  many  instances  the  members  of  a  pharmacological  group  have 
some  general  chemical  character  which  distinguishes  them  from  others. 
Drugs  which  resemble  each  other  in  their  pharmacological  action,  are  often 
used  for  very  different  purposes  in  therapeutics,  although  this  is  much  less 
frequently  the  case  now  than  formerly.  This  is  very  generally  due  to  the 
failure  of  the  clinicians  to  observe  the  resemblance  in  the  action  of  drugs. 
As  they  become  more  familiar  with  the  results  of  animal  experiment,  they 
will  recognize  that  in  many  instances  drugs  which  they  now  regard  as  dis- 
tinct on  account  of  superficial  differences,  really  resemble  each  other  in  all 
important  points,  and  may  be  substituted  for  each  other  in  therapeutics.  In 
this  way  it  is  to  be  hoped  that  the  natural  classification  of  drugs  will  gradu- 
ally be  found  to  approach  more  closely  to  the  therapeutic.  At  the  present 
time  the  continued  use  of  the  therapeutic  classification  can  only  tend  to  delay 
this  consummation. 

In  this  volume,  the  classification  adopted  is  that  of  Buchheim  and 
Schraiedeberg,  with  some  slight  alterations  which  seemed  to  be  de- 
manded by  recent  progress.  The  drugs  are  thrown  into  a  large  num- 
ber of  groups  which  are  named  from  the  most  prominent  member,  or 
from  some  marked  property  possessed  by  all.  These  groups  are  ar- 
ranged, as  far  as  possible,  according  to  their  mutual  resemblances.  It 
has  been  found  advisable  to  retain,  for  the  most  part,  the  divisions  into 
organic  and  inorganic  drugs,  although  this  may,  perhaps,  have  to  be 
abandoned  in  the  future.  The  first  series  of  groups  of  the  organic 
materia  medica  are  possessed  of  the  common  property  of  inducing 
more  marked  local  than  general  effects,  and  these  may  therefore  be 
classified  in  one  large  subdivision.  The  second  division  of  the  organic 
drugs  is  formed  of  those  whose  pronounced  general  action  obscures 
their  local  effects,  when  these  are  not  entirely  absent.  The  first  few 
groups  of  this  division  are  formed  of  those  whase  chief  action  is  de- 
veloped on  the  central  nervous  system  ;  then  follow  those  which  in- 
volve more  especially  the  peripheral  nerves,  muscles,  and  secretory  or- 
gans ;  these,  again,  pass  into  a  series  in  wiiich  local  irritant  action  is 
associated  with  powerful  general  effects,  and  through  these  into  a  se- 
ries of  jjrotoplasm  poisons.  The  last  series  of  organic  groups  consists 
of  tliose  acting  chiefly  on  the  heart  and  vessels  directly.  The  groups 
of  the  inorganic  drugs  show  less  defined  affinities,  and  are  much  more 
difficult  to  classify  than  the  organic  series.  The  salts  of  the  alkalies 
and  alkaline  earths,  the  acids  and  alkalies  may  be  thrown  into  a  large  and 
somewhat  heterogeneous  division,  which  is  easily  marked  off  from  that 
of  the  heavy  metals,  which  have  many  points  in  common  in  their  ef- 
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fects  in  the  organism,  as  in  their  chemical  reactions.  The  latter  divi- 
sion is  led  up  to  by  phosphorus  and  arsenic,  and  several  bodies  which 
it  is  impossible  to  classify  at  present  are  placed  between  these  and  the 
first  inorganic  division.  Another  class  is  formed  of  a  number  of  sub- 
stances which  are  eitlier  present  in  the  normal  body,  or  are  merely  sub- 
stitutes for  normal  secretions,  and  the  final  class  is  composed  of  a  few 
preparations  which  are  used  only  for  their  mechanical  eifects,  and 
which  for  the  most  part  are  not  drugs,  although  they  are  included  in 
the  pharmacopoeias. 

It  must  be  emphasized  that  no  attempt  is  made  to  draw  hard  and 
fast  lines  of  demarcation  between  the  different  groups.  The  essential 
features  of  the  natural  system  involve  the  recognition  that  this  is  im- 
possible. It  has  therefore  been  considered  best  not  to  indicate  any 
definite  point  at  which  the  discussion  of  poisons  acting  on  the  central 
nervous  system  ends  and  that  of  the  drugs  with  peripheral  effects  be- 
gins. The  student  is  always  liable  to  lay  more  importance  on  such 
divisions  than  is  intended  by  the  writer,  to  list  those  on  one  side  of 
the  dividing  line  as  central,  those  on  the  other  as  peripheral  in  action, 
whereas  the  transition  is  gradual.  The  six  chief  divisions  are  therefore 
the  only  ones  indicated. 


PART  I. 

ORGANIC  SUBSTANCES  WHICH  ARE  CHAEr 

ACTERIZED  CHIEFLY  BY  THEIR 

LOCAL  ACTION. 


This  clam  oontaiciB  a  very  considerable  part  of  the  drugs  included 
in  the  pharmncopfcias,  although  it  be^rs  a  smaller  proportion  than  for- 
merly to  the  other  clasnes.  There  is  still,  however,  in  it  ;i  large 
numbrr  of  drugs  which  have  practically  identical  eifects,  and  there  is 
DO  question  that  it  might  be  considerably  curtailed  without  loss  to 
tl)t*nii»eutic  practice.  Many  of  its  members  are  irritants,  and  these 
have  been  8ubdividc<l  for  convenience  into  groups  according  to  the 
organs  on  which  they  exert  their  chief  action  and  the  purposes  for 
which  they  are  usi^  in  thera|»eutics,  as  gastric,  intestinal,  cutaneous 
irritants.     Others  act  as  prote<*tives,  covering  injured  surfaces  (demul- 

nt&,  emollients),  and  still  others  precipitate  the  proteids  on  the  snr- 
to  which   they  are  applied  (a^itringents).     Others  seem  to  act 

icfly  by  ftfTeciing  the  taste,  and  finally  a  heterogeneous  group  which 

t&ed  in  the  treatment  of  intestinal  parasites,  has  been  inserted  here. 


CO 


I.    DESiULCENTS. 

A  large  nnraber  of  colloid  substances — cliiefly  gums,  dextrins,  sugars 
uxi  etarches — owe  their  use  in  medicine,  not  to  any  changes  they  pro- 
dace  in  the  cells  with  which  they  come  in  contact,  but  to  the  fact  that 
they  are  ooheeive  an<i  serve  to  prot*»ct  surfaces  mechanically.  When 
they  are  applii-d  to  A  sensitive  surface,  they  retard  the  movement  of 
fluid  or  air  Hgiiinst  it  and  thus  preserve  it  from  the  effects  of  these 
i^aUf*  This  may  1h*  illustrated  by  familiar  examples  in  which  the 
taste  of  fo(Kj  is  altered  by  their  presence,  although  they  have  ofteu  no 
ta«te  or  odor  in  tliemselves.  Sugar  dissolve<l  in  mucilage  tastes  less 
0ireet  tlmn  in  water,  and  luuds  are  also  less  appre<'iated,  as  may  be  ob- 
vrved  in  many  fruits.  For  example,  the  nisplwrry  omtains  more  acid 
am)  lc«i  sugar  tlian  the  currant,  but  in  the  former  the  acid  taste  is  con- 
cealed by  the  presence  of  large  quantities  of  colloids,  bo  that  the  rasp- 
berry in  regarded  as  a  sweet  fruit,  the  currant  as  an  acid  one.  Even 
aald  tfi  felt  less  when  a  colloid  substance  is  present  in  the  fluid  swal- 
lowtd  ;  thus,  ice-eream  or  iced  milk  does  not  feel  so  cold  on  the  tongue 
and  throat  as  frown  water,  because  the  colloid  proteid  substanc^a  form 
t  pmterting  layer  over  the  surface,  and  prevent  the  cold  mass  Cntui 
rwchuig  the  sensory  terminations  so  freely  as  it  otherwise  would.     A 
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number  of  experiments  carried  out  by  Tappeiner  *  show  that  other 
organs  may  be  protected  in  the  same  way  by  colloid  solutions.  Strong 
salt  solution  applied  to  a  motor  nerve  firet  stimulates  and  then  slowly 
paralyzes  it,  but  Tappeiner  found  that  both  of  these  effects  are  much 
less  marked  if  the  solution  be  made  up  with  mucilage  instead  of  with 
water,  because  the  salt  does  not  reach  the  nerve  so  readily.  In  the 
same  way,  intense  pain  is  caused  in  a  wound  by  strong  salt  solution, 
but  is  much  less  severe  if  the  solution  contain  colloid  material. 

When  demulcents  reach  the  stomach,  they  appear  to  ooat  the  wall 
and  thus  to  alter  the  sensation  arising  from  food,  for  Quincke  found  in 
a  case  of  gastric  fistula  that  the  patient  could  distinguish  milk  from 
water  even  when  it  was  passed  directly  into  the  stomach,  and  Pawlow 
states  that  the  presence  of  starch  in  the  stomach  alters  the  secretion 
induced  by  food.  Tappeiner  found  that  much  less  inflammation  of  the 
intestine  is  caused  by  irritants  if  they  are  suspended  in  demulcents  than 
if  they  are  dissolved  in  water  ;  at  the  same  time  the  presence  of  colloid 
unabsorbable  bodies  may  increase  the  efficiency  of  purgatives  by  pre- 
venting their  absorption  in  the  upper  part  of  the  bowel.  The  digestion 
of  proteids  outside  the  body  is  retarded  by  the  presence  of  the  demul- 
cents, and  probably  this  is  also  true  of  the  process  in  the  stomach. 
Colloid  bodies  also  retard  the  absorption  of  fluids  from  the  stomach  and 
bowel,  and  this  leads  to  a  feeling  of  distention,  which  is  much  less 
marked  if  the  same  amount  of  fluid  be  swallowed  without  colloid ;  for 
instance,  water  is  absorbed  more  rapidly  than  milk  or  beer. 

The  slow  absorption  of  colloid  fluids  allows  time  for  decomposition, 
and  this  may  give  rise  to  irritation  and  catarrh.  The  colloids  them- 
selves are  absorbed  very  slowly,  and  probably  only  in  a  condition  of 
semi-decomposition.  After  absorption,  they  are  oxidized  in  the  tissues 
and  therefore  act  as  foods  to  some  extent,  although  their  slow  absorp- 
tion prevents  their  being  of  much  value.  They  have,  of  course,  no 
effect  as  demulcents  after  absorption,  but  the  large  quantity  of  fluid 
with  which  they  are  generally  taken  may  be  of  benefit  in  some  condi- 
tions. 

Demulcents  are  used  to  cover  inflamed  surfaces ;  in  tonsillitis,  for 
example,  they  may  be  applied  as  gargles,  or  better  by  sucking  lozenges 
containing  them.  They  are  not  often  applied  externally  for  this  pur- 
pose, as  they  are  liable  to  serve  as  media  for  the  growth  of  micro- 
organisms. In  gastric  and  intestinal  catarrh  their  use  is  objectionable 
for  the  same  reason,  their  slow  absorption  leading  to  decomposition 
with  the  formation  of  irritants,  which  may  do  more  harm  than  is  coun- 
terbalance! by  their  protective  action.  Instead  ()f  demulcents,  some 
of  the  oils,  Huch  as  olive  oil  (]>.  ol),  have  been  recommended  as  pro- 
tectives  in  di-scase  of  the  stomach  and  intestine. 

In  acute  irritant  poisoning  the  deninlceuts  arc  often  of  ^ve^t  value,  as 
they  protect  the  stomach  wall  from  the  effects  of  the  poison.  The  best 
remedy  in  these  cases,  because  the  most  readily  obtainable,  is  nn'lk  or 
white  of  eggs. 

^  Tappcinevj  Archives  iiiternat.  d.  Phannacodyn.,  x.,  p.  67. 
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ITioir  fffW*t<  ill  retrtnling  the  nhsorptinn  of  rrthor  rotncilics  may  \m* 
tiiktm  aiJvHiit.'iijc  t>r.  ThuH  wht^ii  the  effect  of  alcoliol  on  tlie  stotnnch 
or  bowel  is  <Iesired,  it  is  given  as  wine,  which  contains  colloid  material, 
aai\  is  tIierefort%  ahsorlxid  elowly ;  it  mnst  be  note<l,  however,  that- 
these  same  collQi<l9  drluy  digestion  mnoh  nioi*e  than  aUtihol  it.Helf.  In 
tliv  same  way  opium  ami  extract  of  nnx  vomica  are  prescrilx'd  when 
the  Uh'm\  action  on  the  bowel  and  stomacli  is  desired,  while  the  pnre 
ulkaloids,  niorphinc  and  strychniue,  are  administoi'cfl  for  their  etlects 
after  absorption. 

Demnltt'nti*  are  ofleii  givcji  instead  of  pure  water  in  cases  where  it 

di^innl  to  admini-^ter  lar^  (piantitics  of  H:iid,  as  they  have  more 
"body"  and  are  more  agreeable  to  the  ta^ile.  Thus,  barley  water  or 
fictcnc  r»t!K*r  demuloent  may  be  advi>;e<l  in  onler  to  assnago  the  tldrst 
of  fpver,  or  to  dilute  the  urine  when  it  i»  Uhj  concent nittnl  or  t<Hi 
arid. 

I>craulwnls  are  oft<*n  useil  as  the  Iwisis  of  eJieiiiata  which  are  intendtnl 
(o  he  abttorbed,  becati^e  solutionii  containing  colloids  arc  less  irritant 
and  therefore  Ic-ss  lijible  to  set  up  yn'ristalsis  tlian  puiv  water.  For 
ihin  purpose  st'irch  fsolution  is  g*»ner:dly  used. 

S<tnH*  i»f  the  gum.s,  notably  acacia  and  tragacnnth,  are  wKlonj  advised 
Oft  demuh'entrt,  but  are  often  prcj^cribetl  in  order  to  hold  in  HU.six*n?iion 
ID  water  sueti  insottible  iKxlie:!)  as  resina  and  oils,  or  to  give  cohesion  to 
pilLi  and  lozeiiges. 

PuHPAKiVnONH. 

Ae&eia  fr.  ^S.  W)  Aoacise  Gummi  (B.  I*.)  Oriini  aruhic),  n  f^unnuy  cxudu- 
U<"  I    fnini    Ai.'ttciik    SiMiepd,    I'onHistH  of   the    potiUMiiiiii,    miignoitiuitt, 

ui>  <i    snlu    of    u    wiMikly    »i-iil     miIi^IjuicC.    anibiit    nr    iiriihiiiic    ui-iil 

(C'^H^O^t.      It  iMMtliihki  ill  (-ijual   jmrts  of  waler,  und  i»  iiM'd  !us  u  (leniulcml, 
but  iii'-n  t.trm'ly  n»  a  M-hicIo  tor  other  dnajr;*. 

■»'  •  AcAri.e  (U.  S.  P.,  B.  P.). — At>out  1  part  ftr.aeia  in  2  of  walcr. 

l>  ft  fl.  Hra.). 

•  {V.  K  P.). 
"<  i.t   (IT.  K.  I\,   B.   v.),  a  jKUiniuy  exudation  fnmi  various  8|»ccios 

Ml  1-.  rui)t4iinh  Ntlto  of  itniiiiri  uml  trag:u':uitlun.     Tni^atanthin  dillore 

(f>  tu  not  i|(»'Mib'iii)c.    but   iru'ri'ly  swi-lliii^  up  into  n  jfHv   in  water. 

Tt  -  u«i:d  <tii<*tly  to  HU.''tHMiit  heavy  powdtTs  hi  water. 

t    TitAOArANTM-K    (U.    S.     P.,    B.     P.),    formetl  of    trngacantli, 
f\  '.  wuter.      Ill  till'  B.  P.  alcuhttl  m  iwetl  inBtoml  of  glycerin.     lAwe, 

dn*.). 
tiUjfoertmftm  Traynranihut  (B.   P.),  a  solution  uf  trugacanth  in  glyceriu  and 

*r. 
PmtriM   Traffncanihie  Compo^UuM  (B.  P.),  cuntaiuH  tmgiieaiith,  )(um  acacia, 
arvh  iiu<1  ^uc»r,      Ikisv,  2i)-ijil  ^rs. 

B—  ifi  ii^a Mednlla (U.  S.  P.),  tlio  ]>ith  of  Sasinafnia  variifolium  fsa^AafVas). 
CLbiu  (l*.  S.  P.),  tlie  inner  Imrk  of  l^hnus  fulvii  (slippery  elm). 
IthcA  il~.  .S.  P.),  the  root  uf  Althte.i  ufni-inulis  (luanih-utallow). 
liatira    r.  A.  p.,  B.  P.),  the  seed  of  Liiuuu  usitati^siuitim  (Liuitt:ed). 
'HI  (B.  P.),  crushed  linseed. 

>.»  Afrtfu//a-  (W  S.  v.).      I>o*w!,  Ifi  v.v.  (4  IL  dre.). 
iV.  S.  P.).      IhrM-.  Hi  r.c.  (4  fl.  »lr«.). 

iin  eotloid  mi1>stuiu'e!4  wliich  are  extnicted  with  hot  water,  and 
vhiiJL  »ti}  iK'Ik'i'n]  to  Ih?  nearly  related  to  unibin.     They  arc  largely  uccd  in 
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domestic  medicine  as  demulcents  in  eore  throat,  and  may  be  prescribed  to  sus- 
pend powders  or  oils.     The  syrup  of  marsh-mallow  is  a  pleasant  flavor. 

Tritionm  (U.  S.  P.),  the  rhizome  of  Agropyrum  repens,  or  couch-grass, 
contains  mannite,  Itevulose,  and  a  starchy  substance,  triticin.  Its  decoction 
48  used  as  a  beverage  in  fever,  and  to  dilute  the  urine.  It  haa  a  certain 
popular  reputation  as  a  diuretic  in  suppression  of  the  urine,  calculus,  etc. , 
but  this  is  entirely  unmerited,  for  it  increasee  the  urine  simply  by  the  water 
given  with  it. 

Amylum  (U.  S.  P.,  B.  P.),  or  starch,  may  be  formed  into  a  jelly  by  boiling 
in  water,  and  may  then  be  used  for  the  same  purpose  as  the  demulcents. 

Glyceriium  Amyli  (U.  8.  P.),  Qlycerinum  Amyli  (B.  P.),  is  a  jelly  formed 
by  heating  starch  with  water  and  glycerin. 

AmygcUla  Dolcis  (U.  S.  P.,  B.  P.),  or  sweet  almonds,  the  seed  of  Prunus 
amygdala  dulcis,  contains  a  fixed  oil  and  emulsin,  a  ferment,  but,  unlike  the 
bitter  almond,  no  amygdalin.  When  triturated  with  water  it  forms  an 
emulsion,  or  mixture,  which  is  bland  and  demulcent. 

EmuUum  Amygdalm  (U.  S.  P.),  MUiura  AmygdaUz  (B.  P.).  Dose,  120  c.c. 
.(4fl.  oz.). 

iV/vM  Amygdalte  Compoaitus  {B.  P.)  contains  sugar  and  acacia  with  almond. 

Syrupua  Amygdalte  (U.  8.  P.)  is  formed  from  a  mixture  of  sweet  and  bitt«r 
almonds,  and  therefore  contains  a  small  proportion  of  prussic  acid,  but  may 
be  used  in  the  same  way  as  the  demulcents  with  perfect  safety. 

Glycyrrhlaa  (U.  S.  P.),  OlycyrrWza  Badix  (B.  P.),  or  Hquorice-root, 
the  root  of  Glycyrrhiza  glabra  (var.  glanduliferai,  is  used  as  a  demulcent, 
and  more  largely  to  flavor  medicines.  It  has  a  pleasant,  sweet  taste,  owing 
to  the  presence  of  Qlycyrrhizin,  an  acid  giucoside,  which  is  combined  with 
calcium  and  ammonia  in  the  plant,  and  is  not  soluble  in  cold  water,  but  swells 
up  initio  a  jelly-like  mass.  Glycyrrhizin  is  probably  decomposed  in  the 
body  ;  the  urine  is  often  found  to  contain  a  reducing  body  aft>er  the  admin- 
istration of  liquorice. 

ExTRAtrruM  Glycyrrhiza  (U.  S.  P.,  B.  P.).     Dose,  1  G.  (15grs.). 

Extracfum  Glycyrrkizoi  Purum  (U.  8.  P.).     Dose,  1  G.  (15  grs.)- 

Flmdextraetum  QlycyrrhU<e  (U.  8.  P.),  Extracfum  OlycyrrkiztB  Liguidum 
(B.  P.).     Dose,  2  c.c.  (30  mins.). 

Glycyrrhizinvm  Ammoniatum  (U,  8.  P.),  the  ammonium  salt  of  glycyrrhizin, 

PuLVis  Glycyrrhiza  Compositus  (U.  S.  P.,  B.  P.)  contains  senna. 
Dose,  2-8  G.  (30-120  grs.). 

Trochisci  Glycyrrhiza  et  Opii  (XJ.  S.  P.). 

MisTURA  Glycyrrhiza  Composita  (U.  S.  P.),  "  Brown  Mrtor«,"  con- 
tains opium,  antimony  and  spirits  of  nitrous  ether.  Dose,  15-30  c.c.  (1-2 
tablespoon  fills). 

The  extract  is  largely  used  in  the  form  of  lozenges  for  its  demulcent  ac- 
tion, and  is  very  frequently  used  to  make  up  pills.  It  is  slightly  laxative, 
and  may  be  used  as  a  pleasant  aperient  for  children  ;  the  compound  powder 
is  more  reliable  for  this  purpose  owing  to  its  containing  senna,  one  of  the 
vegetjxblo  purgatives. 

The  lozenges  and  the  brown  mixture  contain  opium  and  are  used  largely 
in  cough  and  in  oatarrh  of  the  air  passages. 

Numbers  of  othor  substances  are  used  as  demulcents  in  domestic  medi- 
eiue,  and  are  found  in  diflerent  pharmacopoeias.  Examples  of  these  are 
barley  (Ilonloum),  salej*,  verbasfum  and  quince  seeds.  Iceland  moss  is  a 
lichen  ((Vtniria  isluiKlini),  and  contiiins  stareh  bodies  together  with  acids,  which 
ciin  bo  removed  by  soaking  in  dilut**  alkaline  solutions  for  some  time. 

ChondrUS  {V.  S.  r.)  (Irish  moss  or  Carragheen  I,  Ohondrus  erispus,  a  seaweed 
gathered  on  the  eojiats  of  Ireland  and  Miissaehusetfc*.  Chondrus  contains  a 
carlM)hydratc,  earragoenin.  Tlie  deeoetion  fonns  a  jelly  when  eoUl,  and  was 
formerly  supposed  to  form  u  valuable  f(MHl  in  illuess.  but  it  is  of  little  value  for 
this  purpose,  for  only  about  2V-3V  <»**  the  jelly  is  solid  matter,  the  rest  water. 
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n.    EMOLLIENTS. 

Kmollients  are  bland,  oily  substances  which  are  applied  to  the 
''lii'i  to  pn)tec't  it  from  irritation,  and  to  render  it  softer  and  more 
^li»stic,  and  thus  bear  the  same  relation  to  the  skin  as  the  demulcents 
to  the  mucous  membranes.  Their  effect  in  rendering  the  skin  softer 
and  nwre  pliable  may  be  due  in  part  to  their  penetration  into  the 
surface  layers,  but  may  also  be  explained  by  the  slight  congestion 
ioilut-ed  by  the  rubbing  and  massage  used  in  their  application. 

The  older   emollients   were  chiefly  animal  and   vegetable  fats  and 
wls,I>rit  several  newer  drugs  of  this  class  arc  derived  from  petroleum. 
The  effecti*  of  these  drugs  when  applied  to  the  skin  are  purely  local. 
No  doubt  some  small  percent;ige  is  absorbed  into  the  tissues,  but  this 
\iu&  no  known  effect  in  man,  and  although  the  fats  and  oils  are  valu- 
able fotnls  when   taken   internally,  this  plays  no  part  in  their  effects 
wlieu  applied  to  the  skin. 

The  emollient  preparations  promote  the  absorption  of  drugs  dis- 
solved in  them,  because  they  mix  readily  with  the  thin  layer  of  oily 
s*»bar^'<)UA  matter  which  covers  the  epithelium.  The  active  substances 
<Iiss<olved  iu  them  therefore  come  into  intimate  contact  with  the  absorb- 
ing cells  lining  the  ducts  of  the  glands,  while  watery  solutions  are 
^tarated  from  the  lining  cells  by  a  layer  of  sebum.  \'^  this  layer  be 
dissolved  off  by  alcohol,  watery  solutions  arc  also  absorbed  rapidly, 
and  alcoholic  solutions  are  absorbe<I  as  quickly  as  oily  solutions,  be- 
cause the  alcohol  is  miscible  with  the  sebum.  On  the  other  hand 
solutions  in  water  come  into  more  intimate  contact  with  the  cells  of  the 
mucous  membranes  and  with  the  subcutaneous  tissues,  and  are  there- 
fore more  readily  absorbed  by  these  than  oily  solutions.  To  ensure 
rapid  absorption,  a  drug  should  be  dissolved  in  some  emollient  if  it  is 
to  be  absorbed  by  the  skiui  in  water  when  it  is  to  be  administered 
infernally  or  hypo<lermically.  Solutions  in  oil  of  such  antiseptics  as 
carbolic  acid  are  much  less  powerful  than  tiiose  iu  water,  Iwcause  car- 
bolic acid  being  more  soluble  in  oil  fails  to  diffuse  into  the  watery  proto- 
plasm of  the  microbe,  for  which  it  has  less  affinity.  (See  Antiseptics 
of  the  Benzol  Series.)  But  antiseptics  which  are  more  soluble  iu  water 
in  oils  are  said  to  be  equally  active  in  l>oth  solvents. 
'The  emollients  are  applied  im  protectives  in  abrasions,  cuts,  bruises, 
chap)KHi  hands,  burns ;  they  are  less  often  used  alone  in  extensive  skin 
diseases,  but  are  usually  prescribe*!  in  these  as  the  basis  of  ointments 
in  which  other  remwlies  are  incorporated.  There  is  no  question  that 
the  protection  afforded  to  the  |»art  aud  the  exclusion  of  the  air  by 
the  oily  emollient  plays  an  important  part  iu  the  actiou  of  these  reme- 
dies, and  it  seems  probable  that  in  many  cases  equally  good  results 
wimld  follow  the  application  of  the  emollient  without  any  active 
ingredieot. 


OROAmC  SUSSTAyCRS  ACTTXa  LOCALLY. 


FREPARATIOyS, 

Adeps  {V.  S.  P.,  B.  P.),  lard  ;  the  prepared  internal  fat  of  the  abdomen 
of  tlif  pi^.  purified  hy  washing  in  uutiT,  melting  and  Btraining. 

Ailrpn  BvnzQimilun  (U.  S.  P.),  Adcfui  Benzoatu^  (B.  IV),  lH?nzoina1«d  lard,  is 
prepared  from  lard  by  the  addition  of  benzoin,  which  id  slightly  autiseptjc 
and  prefi»erves  it  from  becoming  raneid. 

rNGUENTUM  (IT.  S.  P.)i  Ointment,  is  a  mixture  of  lard  and  yellow  wax. 
It  was  formerly  knou*n  as  Ungncntum  Simplex,  and  is  the  bnsi»  of  mAny 
other  ointments. 

Inguentum  Diachylon  (U.  8.  P.)  is  formed  from  lead  plaster  and  olive  oil, 
perfumed  with  oil  of  lavender.  The  lead  is  inert,  the  action  being  idi-'nticH] 
\s\\\\  that  of  ordinal-}'  ointment. 

Vnoukntum  Aqvjj:  Kos.k  (T.  ft.  P.,  B.  P.),  eoM  cream,  is  formed  of  sper- 
maceti, white  wax,  oil  of  almonds,  and  some  borax,  scented  with  rose  water, 
Sevuni  Prsparatum  (U.  S.  P..   B.  P.),  mutt^m  suet,   is  ubtaintMl  from  the 
abdoiiiiniil  fat  of  the  !<hci'p. 

lyurd  and  suet  have  the  onllnary  eonntituent^  of  animal  fats,  stearin,  pal- 
mitin  and  olein.  They  are  seldom  used  alone,  but  form  the  btL^is  of  numer- 
ous ointmenU.  These  animal  fats  tend  to  putrefy,  and  are  then  rendered 
irritant  by  the  prei*ence  of  free  acids  (rancidity),  and  have  therefore  been 
replaced  u»  a  eousidenible  extent  of  lute  years  by  other  preparations*  which 
ri<»  ofit  Milder  from  thi.-*  drawback. 

Adeps  Lanae  Hydroaus  (U.  S.  P.,  B.  P.),  hydrous  wi.K>l-fat,  lanolin,  the 
purified  fat  of  sheep-wocd,  mixed  with  not  more  than  30  \wr  cent,  of  water. 
.l./r/wf  A/iwr  iU.  H.  P.,  B.  P.),  wonl-fiit  withfmt  water. 

Ijtuiolin  ha-s  been  used  extensively  in  medicine  only  in  the  last  few  vcar«. 
It  consists  of  cholesl^'riu  esters  with  some  impurities,  does  not  become  ran- 
cid, and  difTers  fmin  the  older  fats  also  in  being  niiseible  in  twice  its  weiifhl 
of  water  without  losing  its  ointment  consistency.     Iviuiolin  ia  verj*  often  tiscd 
as  an  emollient  appUiration,  as  well  as  tu  form  a  Inisis  for  more  active  drugs. 
Other  preparations  of  wool-fats  are  known  as  lanieliol  and  alapnrin. 
Fetrolates  or  Paraffins.     When  the  more  volatile  i-otistituenU<  of  petroleum 
are  distilled  off,  there  rtMnain  a  number  of  higher  hydrocarbons,  chiefly  of 
the  marsh  gas  series,  which  are  used  in  medicine  as  emollients.     The  lower 
of  these  hydrocarbons  are  fluid  at  ordinarj*  temperatures  and  are  known  aa 
PMrolalttm   Liqiiidum  (U.  S.   P.),  Paraffinum   Ltquidum  (B.  P.),  a  colurleas, 
oily  ti*ansparenl  li(|uid  without  odor  or  taste.     When  these  are  removed 
there  remains 

Pi:TBoi-ATt;M  (XT.  S.  P.)  and  Petroi,atttm  album  (U.  8.  P.),  Paraffiniih 
MOLLE  (U.  P.),  will  pelrfdato,  vasclin,  which  has  the  consistency  of  an  oint- 
ment, i«  yellow  or  white  in  c<ilor,  and  is  li(]uetier|  a  lew  degrees  aliove  the  tem- 
penitu re  uf  the  l^liMvii.  When  the  distillation  i»  carrie<l  ftirther,  the  retndue  ia 
solid  at  anlinary  t^'iiiperaturt'^,  Hud  is  known  ium 

PnrfiJpnHtn  (I'.  H.  P.).  Pariijfinum  liuntm  (B.  P.),  or  Iiard  paraffin,  which. 
meltt  ut  a  itomewhat  hi|;her  teni|ivrature  than  vas^'liu. 

UtKjufntum  Parftjfiiti  (B.  P.)  is  a  mixture  of  three  parte  of  hard  jiarnffin 
with  seven  parts  of  vawelin. 

By  mixing  the  pctrolates  a  salve  of  any  desire<l  consi.«tency  may  be  ob- 
tained. Soft  petrolttte  is  often  known  as  fM'trolaliim.  as  it  is  much  more 
extensively  used  than  the  others.  It  is  used  lus  an  emollient,  and  aa  a  basis 
for  ointments  and  lias  the  advantiige  over  the  older  lard  and  suet  that  it 
does  not  become  nincid.  Lirjuid  vaselin  has  been  used  to  dissolve  irritant 
substancw  for  subcut;nieous  injection,  as  much  lens  pain  is  caused  when  they 
Ri'c  dissolved  iu  vasdin  than  when  water  is  used.  Sobieranski '  has  shown 
that  vaselin  rubbed  into  the  skin  is  al»sorbed  to  some  extent,  and  may  be 
recovered  from  the  muscles  and  to  a  less  extent  fnnn  other  oi^ans.     Kabbits 

'  Arch.  f.  cxp.  Path.  u.  Phanu.,  xxxi.,  p.  ilffj. 


EMOLLIENTS. 


51 


I 


lo»«t  flesh  and  some  <»f  them  died  under  the  continued  applioalion  of  vaselin, 
but  thus  may  have  bet:u  due  to  the  manipulation  and  not  to  the  drug  Itself. 

Several  Oils  are  &IiM>  used  us  omuUients. 

Oleum  OliviE  (U.  S.  1'.,  K.  P.),  oUve  oil,  a  Dxed  oil  obtained  from  the  ripe 
fruit  of  the  olive,  Olea  euroiwea. 

Oti-uM  Lini  fU,  S.  P.,  B.  P.),  Liu^eod  or  Flaxseed  oil. 

Oleum  AmygdaJtr  Eipremum  (U.  8.  P.),  Ohum  Amtjtfdalx  (B.  P.),  a  fixed 
oil  expre*ied  from  hitter  or  sweet  iilmondH.  JL  \^  to  be  distinguished  from 
tho  volatile  oil  obtained  rn>m  the  bitter  almonds.  The  fixed  oil  contains  no 
pnissio  acid. 

Oleum  Uotmifpii  Seminis  (U.  8.  P.),  Cotton-seed  oil. 

Olrum  AdipiB  (C.  S.  P.),  oil  of  lard. 

These  all  resemble  each  other  iu  their  composition,  and  may  be  used  as 
emollientii.  Olive  oil  is  generally  prefeired  to  the  olhers,  but  is  much  more 
ex|>enHive,  and  it  is  probable  that  much  of  the  AOH-alled  olive  oil  is  really 
purified  eotton-scetl  oil.  Olive  oil  has  been  advised  as  a  eholugogue,  hut  has 
bc>en  shown  by  more  exiu't  methods  of  research  to  have  no  elfect  whatever 
on  the  m-iTetioQ  uf  the  bile.  It  ?^jmeliiiiL'!(  ^ivw  relief  in  hiliHry  colic  and  dys- 
rntep>'  :iiid  in  Kome  (ipit^tric  <lis<>rdera  acc<>ai|>a.nie<l  by  pyloric  Hpiisiii,  probably 
Irnui  '\Xs  a<-tiuj(:  hs  a  protective  to  the  nmrous  inembraue  of  tUe  stoiiiach  niul  duo- 
tlenum.  A  winejii awful  is  given  tw<i  nr  three  times  a  day  before  meals  ;  in  these 
lar^ee  do«**  it  jKiHse^wes  a  higli  food-valm-.' 

CeraFlava(U,  S,  P..  B.  P.),  yellow  wax. 

i'rra  Alba  (U.  8.  P.,  B.  P.),  white  wax  pR'pared  from  the  yellow  by 
l^eachin;;. 

Cetaceum  (U.  S.  P.,  B.  P.),  spermaoetl,  obtained  from  the  cnchelot  (Phys- 
«ler  marTocephalus),  one  of  the  whales. 

These  tbrec  prepanitions  are  not  used  alone,  but  are  often  added  to  the 
emollients  and  ointments  in  oifler  to  fpve  them  a  firmer  consistencyi  which 
is  cspcdally  desirable  in  hot  climates  and  in  summer. 

Ceraium  (U.  S.  P.)  a  mixture  of  'i\  parts  of  wax  with  7  of  lard. 

l'Ht/tst:nfntn  Ctlacei  (B.  P.  j  is  a  mixture  of  white  wax  anrl  wpermaccti  and  olive 
or  almond  oil. 

Glycebivcm  (TT.  8.  P.,  B.  P.),  Glycerin,  a  liquid  obtained  by  the  decom- 
position of  animal  or  vegetable  fats  or  fixed  oils,  and  containing  not  less  than 
9^  per  cent,  of  absolute  glycerin,  C3H^(OHj, ;  clear,  rolorless,  of  a  syrtipy 
consi.'*ten<*e.  oily  to  the  touch,  with  a  sweet  taste  and  no  odor,  soluble  in 
water  and  alcohol. 

Glxfceritnm  Amyli  (U.  S.  P.),  Ohjcerinuta  Amyti  (B.  P.),  plyeerite  of  starch. 

Utt/ceritum  111  ell  i  {V.  S.  P.),  glyconin,  glycerite  of  yolk  of  eggs,  may  be 
u»m1  as  a  protective,  but  is  more  largely  prescribed  l<v  fdriii  emulsions. 

Glycerin  is  used  as  a  solvent  for  a  number  of  olh4'r  drugs,  the  prex>ara- 
UoD»  beiug  known  as  glyceriteti  (IT.  S,  P.),  glyaerinrA  (13.  P.), 

Glycerin  U  somewhat  irritant  to  the  iinbrokon  skin,  when  it  is  ap- 
p1ie<l  in  the  pure  form,  and  even  diluted  jrlyeorin  cuuscs  pain  and 
smarting  when  it  is  applied  to  unprotected  surfaces  such  as  cuts  or 
barti^i,  but  the  pain  soon  disapiwars^  and  frlye^'rin  then  u.cts  as  a  pro- 
l4relive.  The  irritation  is  due  to  the  glycerin  abstraotinjr  the  fluids  of 
ihc  tissues  owing  to  its  aviility  for  water,  (ilyeorin  and  its  prepara- 
tions are  used  very  extensively  as  applicutii)u.s  to  sliglit  wounds,  in  ir- 
ritation of  the  skin  ajid  lips  from  exposure  to  cold,  and  in  similar  c<in- 
dition&i.  They  are  often  applitnl  to  hard,  dry  crusts  on  tlie  skiu  in 
Older  to  toften  tlicni  and  |H'nnit  of  tlicir  removal. 

'  Ojitnhcini,  Ztscbr.  f.  klin.  Med,  hi.,  p.  1 1 U. 
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The  irritant  action  of  glycerin  causes  peristalsifi  and  evacuatioD  of 
ilu;  bowels  when  :?nia!l  quantities  are  injected  into  the  rectum;  the 
etnol  is  of  a]m(:i}>t  ordinary*  consistency,  and  no  pain  or  colic  is  felt 
Bubsrquently,  nor  does  the  remedy  cau<e  more  than  one  evacuation. 
Glycerin  may  be  injected  into  the  rectum  for  this  purpose  (dose  2-5  cc, 
}— 1  teas|Kx>nfuI ),  but  a  more  convenient  form  is  the  glycerin  siippo^i- 
torieSy  Snppositoria  Olycenni,  which  are  made  up  with  stearic  aci<l 
and  sodium  cirlHtnatc,  U.  S.  P.,  with  gelatin,  B-  P.  These  suppositories 
are  found  not  to  keep  well,  as  the  glycerin  tends  to  attract  moisture 
and  then  escapes  ;  to  avoid  this  they  are  often  encased  in  paniffin,  which 
is  broki'n  off  immetliately  before  they  are  inserted.  Glycerin  sup- 
jxjsitoritiy  are  used  in  con^itipation  instead  of  the  ordinary  aperients, 
and  they  have  aUo  been  advised  in  parturition  to  increase  the  pains. 
I^rge  doses  of  glycerin  taken  internally  sometimes  cause  purgntion. 
but  it  is  not  a  reliable  remedy  when  administered  in  this  way. 

Ulycerin  in  large  quantities  is  poisonous  whether  it  is  taken  by  the  mouth 
or  injected  hy|WHiermi<aIIy  or  intravenously.  It  is  true  that  no  cai**-  of 
glycerin  {KMtwnlng  in  man  is  known,  but  large  doses  are  futjil  to  animals  in 
the  course  of  a  few  houi>.  The  chief  symptoms  are  restlessness,  agitation, 
acceleration  of  the  heart  and  respiration,  general  weakne^^.  tremor  and 
oonvubiionfl,  which  finally  end  in  somnolence,  coma,  and  death  from  failure 
of  the  re:3piration.  The  con%ndsions  are  marked  only  after  large  doses, 
when  they  may  assume  a  tetanic  character.  A  rise  in  the  temperature  has 
been  noted  by  several  ob8er\'ers,  followed  by  a  fall  which  continues  until 
death.  When  glycerin  is  injected  Huheutaneou^ly  in  large  quantiticR^ 
hwm<jgli)bin  appearx  in  the  urine,  while  this  i.^  rarer  when  it  \a  given  by  the 
miiuth,  and  Hcaredy  ever  occiini  alter  iutravfjioiis  inje<-tinn.  Thin  i.s  ob- 
vlonnly  due  to  the  destruction  of  the  red  blood  cells,  but  glycerin  added  to 
the  drawn  blood  does  not  act  so  strongly  on  it  as  many  other  bodies  which 
eauxe  no  ha'mogluhiunria.  Filehne  explain:^  the  appearance  of  luemoglobin 
in  the  urine  after  the  ttulK*utaneou»  iujcTtiun  of  glycerin  by  supposing  that 
the  glycerin  remains  outride  the  vessels  for  some  time,  and  withdraws  the 
fluid  from  the  r«l  c<dls  as  they  pass  through  the  poisoned  rone,  Afi  the  celU 
n^ium  int/i  the  larger  vessels,  they  take  up  fluid  again  and  give  ofl" 
hiemoglubin.  On  the  other  hand,  when  glycerin  is  injecU>d  into  the  blood, 
it  ditfuses  rapidly  all  over  the  body,  and  the  blood  cells  are  les^s  acted  on  hy 
the  diluted  jKiiwin  and  do  not  uliematcly  i^hrink  and  »well  in  sizt-.  In  addition 
to  it«  action  on  ihe  bloiMl  tell**,  glycerin  apparently  acts  directly  on  the  crnlral 
nervous  HVKteni,  a.**  ij*  fthuwn  by  the  violent  convulsiont*.  GlumemlonephritiK  ha.H 
alw)  Ixvn  i>b*»ened  in  animals.  Glycerin  iy  ab«*orl>ed  rapidly  from  the  int*'^tine, 
and  undergfK'Ti  conihinttion  in  the  tisimes,  only  a  very  .small  fraction  of  it  reaf^- 
pw»ring  in  Ihe  urine.  Some  author?  dei*cril)e  a  reducing  fub^ance  in  the  urine 
afttT  tlie  ingestion  of  glycerin,  but  this  has  not  been  e<mtinned  on  more  Ciireftil 
iiivcKtigation. 

It  follows  from  the  fact  that  glycerin  is  oxidized  in  the  tis.snc8  that  it  must 
supply  the  body  with  energy  and  act  in  some  sense  as  a  food.  This  is  of 
interest  ehielly  because,  the  ordinary  fats  being  compounds  of  glycerin,  a 
eertrtin  amount  must  be  contained  in  the  food,  but  it  is  also  of  some  thera- 
IH'Utic  importance,  becauae  glycerin  has  been  advised  as  a  food  in  inanitiou, 
and  has  even  been  said  to  rival  cud-liver  oil.  In  respect  lo  its  value  ils  a 
fond,  glycerin  resembles  ordinary  alcohol,  being  readily  a1>surbed,  and  un- 
doubtedly increasing  the  total  energy  of  the  body.     But  it  is  still  undecided 
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how  fur  it  lends  to  an  cconniny  of  the  nitrogenous  lissutr«,  »a  tlie  faU  una 
<*urtiiihyrlratca  tlo.  Ita  combustion  saves  ft  certain  nmoimt  of  the  fat  of  the 
btx\y  frttin  being  destroyed,  but  glycerin  tends  to  iuereuse  the  nuD'uitro^n- 
ous.  and  not  the  nitrogenou;!  reserve  of  the  bo<ly,  and  is  therefore  of  only 
Acoondary-  importance  as  a  food,  although,  like  alcohol,  it  may  l>e  of  value 
under  wrt4iiD  conditions. 

Glyuehu  hati  be«u  iuud  to  have  some  cflTeot  on  the  sugar  formation  in  the 
tissues.  In  some  forms  of  exiK-rimeutJil  glycoi*uria,  apparently  leas  sugar  is 
found  in  the  urine  if  j^lycerin  Ik*  administered,  and  in  a  certain  number  of 
caftee  of  diabt^tes  in  the  human  8ubjtsc't,  some  improvement  is  said  to  have 
occurred  under  glycerin  treatment.  No  satisfactory  explanation  of  this 
point  hii»  been  offered.  Quit^:  apart  from  its  supposeil  action  on  diabetes, 
glycerin  has  been  used  as  a  substitute  for  sugar  in  this  dirfcaKe,  but  its  place 
has  l>een  taken  of  late  years  by  aaccharln. 

Glycerin  has  been  shown  to  possess  some  virtue  as  an  antiseptic,  probably 
IWmt  its  withdrawing  water  from  the  microbes,  but  like  the  oils  (piige  48)  it 
is  a  less  suitAble  solvent  for  many  antiseptics  than  water. 

Bibliography  of  Glycerin. 
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Along  with  the  emollients,  or  oily  protectives,  may  be  mentioned 
another  class  of  mechanical  agents,  the  Dusting  Powders.     Any  drj*, 
insf)liible,  fine  powder  applied  to  irritatetl  surfaces  of  the  skin,  or 
flight  abra-sions,  will  prot<»ct  these  from  the  air,  and  from  coutact  with 
the  clothe.^  and  other  sources  of  pressure.     These  powders,  at  the  same 
^    time,  soak  up  any  secretions,  and  render  the  injured  spot  less  liable  to 
B   bacterial   infection,  as  they  form  a  more  or  less  impermeable  crust. 
F    Powders  u.«ed  for  this  pur(iose  should  not  be  absorlxnl,  or,  if  aVisorb- 
able,  should  not  induce  any  toxic  effects.     Those  most  commonly  em- 
ployi.**!  are  tlie  plK>sphate  and   carbonate  of  lime,  talc  (Ttih-nnt,  Tnlrttm 
pHnfi^'ctinifij  IJ.  S.  P.),  (magnesium  tjilicate),  fullers'   earth  and  kaidin 
umintim  silicates),  tstarch,  and  Lycopodium  (U.  8,  P.),  which  con- 
of  the  spores  of  LycoiM^itmi  clavatuni  (club  moss). 
large  number  of  powders  are  used  as  sui^ical  dressings,  most  of 
lem  being  credited  with  more  or  less  antiseptic  power.     In  manv  in- 
stances, however,  their  antiseptic  action  is  so  slight  that  it  would  ap- 
pear tlrnt  most  of  their  virtues  are  due  to  their  mechanical  projKTties, 
And  not  to  their  bactericichil  action. 
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m.  SUGARS  AND  FLAVORINQ  SUBSTANOES. 

Sugars  are  usc^l  in  medicine  chiefly  to  (Jifigiiise  propurations  of  un- 
pleasant taste, and  in  the  small  r|uaQtitios  usually  employed  have  little 
further  effect.  In  large  quantitieii  sugars,  like  other  diffusible  bodies, 
act  as  irritants  to  the  stomach  and  bowel,  and  comparatively  small 
quantities  of  some  sugar  substances  po^ess  an  aperient  action.  Thus 
molasjiiea  and  im|>errectly  refined  sugar  have  some  reputation  in  do- 
mestic medicine  as  aj>erieuts,  and  honey,  manna,  Cassia  fistula  and 
several  fruits  arc  included  as  mild  laxatives  in  tlie  pharmneoparias. 
They  are  scarcely  presiTil>ed  alone  in  medicine,  but  arc  used  to  give 
hulk  to  preparations  of  the  stmngcr  purj^jtives,  such  as  senna.  Their 
aperient  action  seems  to  be  due  to  their  colloid  form,  a.s  pure  sugar  has 
no  such  effect,  and  it  it*  p)Bsible  that  they  merely  delay  the  al>Porption 
of  fluid,  and  thus  cause  soflcr  evacuations  than  would  otLerwise  occur. 

Preparations. 

Sacclianun  (U.  8.  P.),  Bacchartun  Pnriflcattnn  (B.  P.),  cane  sugar 

Svarpus  (U.  S.  P.,  B.  P.),  a  concentrnled  solution  of  sugar.  Syrup  is  the 
basis  of  a  large  number  of  meilicated  syniiw  of  the  iibarmacopcpias.  Sumir 
and  synij)  are  wAf^A  exclusively  to  sweeten  mixtures  and  to  aid  in  the  sui^peii- 
skinof  iniwluhle  bodies.  In  placeof  ordinary  »yrup  many  of  the  flavored  prep- 
arations may  l>e  U!*ed,  such  as  syrup  of  citric  arid,  of  acacia,  of  almonds  etc. 

Sacch&m'm  X^actis  (U.  S.  P.,  B.  P,>,  sugar  of  milk,  lactose,  is  not  so  sweet 
as  onliuary  sugar,  and  is  much  les«  liable  to  deliquesce,  so  that  it  is  used 
lar>?ely  to  give  bulk  to  jM>wdera.    It  has  Iwen  said  to  have  diuretic  properti 
when  given  with  large  quantities  of  water,  and  to  cause  purgation  whe 
given  in  a  more  concentrated  solution.     Apses'  milk  contains  more  lactoe^ 
than  cows'  milk,  and  has  been  recommended  for  its  slight  aperient  action  i 
chronic  constijwition, 

Maltam  {V-  .S.  P.).  malt,  harlev  grain  partinllv  gorminRted  and  then  dried. 

lirtrfwtum  Maiti  (K.  S.  P.).      D^wf,  IC  e.c.  (4  fl.  dre.). 

ICel.  honey,  and  Mel  JPrpurntHm  (U.  S.  P.,  B.  P. ),  or  clarified  honey,  are  used  to 
givi'  Xi\<v  tn  niixturt'M.  .ind  have  a  very  slight  aperient  artimi,  w>  that  they  nmv 
be  advisi'ii  as  iiiiielcH  of  tliet  in  hiihitual  constipation.  Some  medicatctl  honeys 
art!  UKcd.  of  which  Mri  H^mr  in  inohuKHl  in  the  U.  .S.  P.,  Afr/  Jioracin  in  the  B.  P, 

Orifme/  (B.  P.)  is  a  mixture  of  honey  and  acetic  acid.      Dose,  1-2  fl.  drs. 

iStjrupuit  (iluco*i  (U.  IV),  a  mixture  of  liquid  glucose  and  synip. 

Manna  (U.  S.  P.),  a  saccliarine  exudation  of  Fraxinus  ornua  (Flowering 
Ash),  contains  about  riO-75  per  cent^  of  mannite,  C^H,(OH),,  a  hexatomia 
alcohol  of  swceti.^h,  ttiigury  taste.  It  has  slight  aperient  properties  when 
taken  in  large  quantities. 

Cassia  Fistula  (U.  S.  P.),  purging  Cassia,  the  fniit  of  Cassia  flstula. 

Tiic  pulp.  Cassis  Pulpa  (B.  P.),  cont4iins  considerable  quantities  of  sugar. 

Tamarindus  (U.  S.  P.,  B.  P.),  tamarinds  ;  Ficus  (IT.  S.  P.,  B.  P.),  figs  ; 
Pmniun  (L*.  S  P.,  B.  P.),  prunes,  all  contain  sugar  in  coosiderabU  quantity. 

Thcsf-  are  iLsed  as  mild  aperients  and  flavoring  agents,  generally  in  C4>mbj- 
nation  with  more  powerful  remedies.  Thus  manna  is  used  in  Infusum 
Benuse  Co.  (U.  8.  P.),  and  the  othet^  form  ingredients  of  t'onfeclio 
Scnnte.  They  are  not  prescribed  aloni-,  but  the  fruit«t  may  he  advised  us 
articles  of  diet  whore  a  mild  laxative  is  required.  The  tamarind  pulji  may 
owe  its  aperient  action  in  {wrt  to  the  presence  of  tartrates,  citrates,  malatcs 
and  other  cathartic  salts.     (Sec  Saline  Cathartics.) 
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Frequently  other  flavors  are  jjreferred  to  sugiir,  which  is  espcciiilly 
dtnlikeu  in  fever  cases,  as  sweet  fluids  do  not  qnenrh  the  thirst  so  eflTect- 
ually  as  acids  and  bitters.  Many  of  the  ()rc|>aradons  of  the  volatile 
oil»  and  some  of  the  demulcents  are  used  almost  exclusively  as  flavor- 
ing agents,  and  in  some  both  sugar  and  volatile  oil  arc  combined,  as  in 
the  syrups. 

Instead  of  sugar  some  artificial  compoundrt  have  Iwh'u  iutrtMluced  uf 
late  year^     Olussdnm  (B.  P.),  Benzosnlphinidum  (U.  8.  P.),  or  Saccharin, 

P,H,  \  ^^  ^ NH,  and  its  solium  stdt,  C<,H^ <    r^^i  / N  Xa,  or  yolublo 

iiariu,  aits  the  beat  kuowu  of  thene.  Saccharin  is  a  light,  white 
crystalline  jHtwdpr,  soluble  in  400  parts  of  water  and  in  25  p:irts  of 
iilouliol.  It  is  aixiut  oOO  times  as  sweet  as  sugar,  and  gives  a  distinct 
flavor  to  70,00t>  times  its  weight  of  water.  Dulcin,  another  artHuatic 
ci>n)|Hiund,  is  said  to  be  even  sweeter  than  su(!charin.  None  of  these 
ta-^tr-s  exactly  like  sugar,  however,  then;  being  a  tiistinct  flavor  iicj-ides 
that  of  sweettiess,  ami  patients  generally  object  tAi  them  after  a  short 
time.  They  have  been  used  as  substitutes  for  sug;ir  in  diabetes,  a  dis- 
ease in  which  sng;ir  is  to  Ikj  avoided  as  far  as  possible.  Some  writers  stite 
that  in  the  presence  of  saceliariu  the  iligestive  fcrmeuLs  act  more  slowly 
lliau  usual,  but  the  retardation  is  oidy  tritiing  and  diK.\s  not  preclude 
the  use  of  saccharin  in  the  small  quantities  ne-cessary  to  sweeten  the 
FuikL  Like  the  other  derivatives  of  l)onzol,  .saccharui  has  some  anti- 
Hcpdc  action  aud  tends  to  lessen  the  putrefaction  of  tJie  intestinal  et:in- 
tents.  Even  very  ]ai*ge  doses  of  saccharin  mav  Ix?  injected  intmve- 
nously  iu  auimals  without  «»ther  effect  than  some  depression  aud  stn[K:>r. 

Some  pharmacoprpial  preparations  are  designed  to  give  color  to  solutions, 
but  are  seldom  or  never  pre,seribeii,  although  they  are  Bometimes  adiicfl  hy 
(he  phurmtioist. 

Coccus  (U.  8,  P.,  B.  P.),  cochineal,  the  dried  female  of  Coccus  Cacti. 

Tincturn  ("occi  (B.  P.)- 

Crocus  (B.  P.).  -taffron. 

Ti»<tftrri  rV'»rf  (B.  v.). 

Santalum  Eubrum  (U.  8.  P.J,  Pterocarpi  Lignum  (B.  P.),  red  sanders, 
3aundors  or  siiinlul  wood. 

Bhceados  Petala  (B.  P.),  the  fresh  petalB  of  Papaver  Rhceas,  red  poppy. 

Syrupiut  Jih.rtt^os  (B.  P.),  J-l  H.  dr. 

Poppy  petulA  c'untain  none  of  tiu-  alkaloids  of  opium. 

IV.     SIMPLE  BITTERS. 

This  group  inrlmlcs  a  numl»er  of  suljstjuices  whirh  liave  little  in 
common  c\CL'pt  their  bitiiT  taste  and  their  comparative  inactivitv  in 
tiie  IxKly.  Several  alkaloids  may  be  jilaced  in  it,  Iki-hvrinr^  Jinxhie, 
Matitfpfnnine  uud  CamnUue^  for,  although  tlu'sc  iirc  imisonous  in  vcrv 
large  (pmndiies,  they  arc  liarniless  iii  tlufsc-  in  wliich  tlicy  are  contained 
in  the  preparations  usfd  in  tiit'ra[»cutirs.  In  ailtlition  to  these  there 
may  be  placed  in  it  numerous  neutral  boilies,  p(.>ssessing  an  intensely 
bitter  ta^e,  but  with  little  or  no  further  action,  such  as  tlie  (^ua^iinH, 
Voltunbin,  and  a  few  weak  acids  and  glucosides. 
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syuiptoms,   but  (mmlynia  of  the  hind  cxtreuiities,   convulsiouK.   luiii  ati|ihyxi^ 
iroin  failure  of  the  respiratory  centre  may  occur  wlifn  it  is  mlministcrc^  in^ 
thi«  ^-By,  while  the  Inrgcwt  quantities  are  not  fatul   whcu  exliibiti'd  by  Ibe-si 
stomaeh.     The  acceleration  of  the  pulse  seemn  due  to  paralysis  of  the  iubibi-    - 
torj'  tvrminationi?  iu  the  heart,  and  im  ivccompanied  by  a  fall  of  blood  pres- 
sure from  the  effects  of  the  alkaloid  on  the  vaHoniotor  centre  and  on  the 
heart  directly.     Berberine  lias  been  cretlited  with  cavLsingcontmctiou  of  the 
uteruM  and  of  the  spleen,  but  this  is  disputed.     It  has  also  beeu  said  to 
resemble  quinine  in  its  eiFectw  on  lm<^teria  atul  on  the  leucocjiiofi,  but  only  in 
very  strong  solution.     Berberine  seems  to  be  exerett^  in  part  by  the  kidne]>' 
unchanged,  and  is  Raid  to  cauHo  nephritin  in  large  doses. 

The  cotoin  of  Coto  Imrk,  and  the  paracoluhi  and  other  constituonta  of 
PftniL-oto  Iwirk  nrf  wiid  Ut  <-jiusi>  dilntatiun  nf  the  intestinnl  vctweli*  when  tlirv 
are  injected  intravenously  or  perfur*ed  through  the  me-H-Uleric  vessels.  Pattr 
cotoin  is  uiueb  weaker  than  cotoin. 

Orexint  (C,,H,,Xj),  an  artificial  base,  seems  to  stand  midway  between  th* 
peppers  and  llie  biltcrs*  in  its  action,  as  it  is  somewhat  more  irritnting  llioH 
most  of  the  hitter.     Injected  into  the  frog  it  induces  paralysis,  which  is  ap-" 
parently  of  ]ieriitheral  origin,  and  its  subcutaneous  application  in  mammal^ 
is  followed   I>y  iremor,  tonic  and  clonic  convulsions,  dyspmen,  areelenitior* 
of  the  heart  and  vomiting.     It  has  some  antiseptic  action,  and  tends  to  fo 
meth^moglobin  when  mixed  with  the  blood.     No  symptoms  have  l>een  ob--' 
served  from  its  use  in  man,  except  increased  appetite  and  augmentation  ©r 
tlie  gastric  secretion,  and  in  a  few  cases  a  feeling  of  heal  iu  the  throat  ani 
some  nausea. 

PREI'AKATIOXS. 

Gentiana  (U.  S.  P.),  aentlans  Radix  (B.  P.),  gentian,  the  root  of  Oenti- 
ana  lutca,  contains  a  glueoside,  gentiopicrin,  a  neutral  tx>dy,  geutiHin,  and 
a  trace  of  t^mnic  add.      1  O.  (15  grs.). 

ExTRArriM  (Jentian.*:  (U.  8.  P.,  B.  P.),  0.1-0.5  G.  (2-10  gre.). 

Fiuiiltjtracttim  iiaitiaiuv  (U.  H.  P.),  O.iVS  c.c.  (10-30  mini*.)' 

TrycTURA  Gentians.  Compiwita  (U.  S.  P.,  B.  P.),  contAining  gentian, 
bittiT  orange  peel,  and  cardamom,  2-lG  c  c.  (4-4  11.  drs.). 

Jn/uHum  Gentiantt'  ihmpwnUnn  (B.  P.),  conUiiniug  gentian,  bitter  orange 
pei-l,  and  fresh  lemon  peel,  1-1  H.  oz. 

Quassia  (U.  s.  I'.),  Quaaaiae  Lignum  (B.  P.),  the  wood  of  Picnena  excolsia, 
contains  several  neutral  bitter  substances,  res^embling  each  other  closely 
chemically  and  known  as  qiuissiins. 

KxTRA<*Ti'M  Quassi.k  [V .  S.  P.),  O.0f>-0.2G.  (1-3  grs.). 

Fluiilcut factum  (^uanrirF  {V.  H.  P.),  0.5-2  c.c.  {•'y-'ii}  miu?*.). 

TiNCTUKA  QITA88I.K  {V,  S.  P.,  B.  P.),  1-4  CO.  (15-60  mine.). 

Liquor  Quafmi^c  ConCf^tratiis  (B.  P.),  {-I  fl.  dr. 

Isi'UsrM  QrAKm.K(B.  P.),  l-\  M.  oz. 

Oalumba  (U.  S.  P.),  Calumbffi  Radix  (B.  P.),  columbo,  the  root  of  Jateor- 
rhizii  palniata,  or  Cotuuiba,  contjuni*  columbin,  a  neutral  body,  colnmhic  acid, 
and  the  alkal<>id  bcri>erine. 

Ffitiilfj-frfirtum  (StJimftfF  (U.  S.  P.),  1-2  C.C.  (1&-30  mins.). 

TiNxrriTKA  CALiiMBjf,  (U.  S.  p.,  B.  P.),  4-15  e.c.  (1-4  fl.  drs.). 

In/nrntm  Cuiumbir.  (B.  P.),  j-I  fl.  oz. 

Lsijintr  (hhiTtibar  Corifaitratuti  [B.  P.),  J-1  fl.  dr. 

Chirata  (U.  S.  P.,  B.  P.),  Chiretta,  the  phuu  .Swertia  chirata,  contains  a 
glucnside,  i-hiratin,  and  ophelic  acid. 

Ffuitlextmchim  Chirata-  (U.  H.  P.),  tl.3-1  c,c.  (5-16  mina.). 

Tinelura  (Mrniit  (U.  P.),  4-8  c.c.  (1-2  fl.  dn*.). 

Litpior  ('hiraftn  (bncrtitratux  (B.  P.),  ^-1  fl.  tlr. 

lu'fui'nm   Ch'tratiV  (B.  P.),   \-\  (!.  oz. 

Xaraxacum  (U.  3.  P.),  Taraxaci  Radix  (B.  P.),  the  root  of  the  dandelion, 
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tuuttiioi  oAiciiuilv,  cvDtaiiu   two  neutral   bitter  subatances — tuntxuein    and 

Hitnftum  7<imj-ort  (U.  8,  P.,  R  P.),  0.3-1  G.  (.VI 5  grw. ). 
Flu'ukstmrium    T'lrtixaH  (U.  8.  P.),   Extmctum.   T^irojcnci  LitptiJum  (B.  P.), 
.12i-.c.(l-3fl.  dfK). 
/wmw  roni-rflri  ( B.  P.  |.  l-^  fl.  dra. 

Bcrberil  <V.  .S.  P.),    lmrb<:Tn-.   the  rhizome  aiid   ri>ot*  of  vnrioiw  (4>ectes  of 
Bt'HuTi*,  i-untaiii)*  I»erberine  and  tnnnin,  2  O.  (^0  grs.). 
Ffn^'tfjtntrium  Brrirruiin  lU.  S.  P.).  2  e.c.  (80  mins.). 
hrcin  (IT.  ».   P.).  Pareirffl  Radix  (B.  P.),  the  root  of  C*hondrodcndron 

t r.~i -'intAiun  ou  ulkultiM,  huxino. 

>im   himrtr   (U.  8.   P.),    Kxtracfum  Fareiett  Lit^uidum  (B.  P.), 
:  ;  .  i\.  drs.). 

Serpentarift  (U.  S.  P.).  Serpentari®  Eliizoma  (B.  P.),  suakorwi,  the  rhi- 
Jwuc  auil  riMils  of  ArUtuluchiu  t<er{ient:iriu  unil  ttf  AriHtolochia  rectk-ulata, 
ONiUiiu  b  volatile  oil,  an  unknown  bitter  priueiple,  and  iH-rhaps  an  alkaloid, 
arirf^hiue. 

FIvidcOractHtn  Scrpentarvv  (U.  S.  P.),  1-2  c.c. 
niiri«/.iS>,i>r,i/.irwE  (II.  8,   P.,  B.  P.).  2-8  c.e,  {J-1  tf.  dr.). 
bipi'-  !<P  Oincffitrofm  ( B.  P.),  J-2  fl.  drs. 

V"*  ,        rn>(B.  P.).  i-1  n.  oz. 

[oaolat  (1".  S.  P.),  Lupulus  (B.  P.),  bopf*,  Ibe  stntbilra  of  Huniuhts  lu|iii- 
1 1  LcinQliii,  It  glandular  powder  t^eparateii  from  ho|.>8,  eoutuiu  a  vulutUe 
oi'  iitnil  <nihHtiui<u>,  lupulin,  lupulinic  arid,  and  reaixia. 

^^  ''i,n  Lui»'iiim{V.  8.  P.),    2-8  c.e.  (J-2  fl.  drn.). 

^^ft  VfftrfMm  lupuUni  (II.  S.  P.),  0,1-0.3  G.  (2-5  grs.). 
^^H  LiH'MHm  (B.  P.),  2-5  i^rs. 
^^■i^uvn  Lupuli  (B.  P.),  \-'2  A.  uz. 
^^V  Tinii^nk  lupuli  (B.  P.),  j-1  fl.  dr. 

^       Oupvis  Cortex  (B.  P.),  Anij;(Mtura  Itark,  the  driod  Iwirk  of  Cus|>ariii  feb- 
^M     cSftWi.coiit;iiri4  four  or  raore  alkaloids,  eu.spnriiic,  eut^iuiridine,  gulipine,  uuU 

galipiiliue,  alonfc  witli  a  volatile  oil  and  a  neutral  bitter  BtufT. 
«  /a/bjun  r^ujtparue  (B.  P.),  l-'J  fl.  oz. 

H         iMfvor  Cisinirhe  f'onc-rntrntus  {U.  P.),  ^-1  fl.  dr. 

^V  S^CtudraB  Cortex,  Bebeeni  iNirk,  i.s  not  pliariDaoup<eial,  but  is  oeeaslon* 
Ally  usf«!  in  Ihrmpcuties.  It  eont4iinii  un  nlkulnitl  wbi<*li  \»  now  knonii  to  be 
buiitir  [lilt  whli'h  hiw*  been  called  beberini-.  biberini',  or  bel>eerine  hitberi(». 
BuiJJif  ur  ti*>hi'rine  Mulpbalt*  i.*  prepared  from  it. 

Goadarango,  the  Iwrk  of  (JonolobuH  loitibirango,  eoulutuft  two  f^lucoaides 

<l/«Tmllar  pntpcrties.  und  bas  been  nscd  a  muid  deal  of  hile  yenr3  as  a  ^tom- 

•diH-  hitter.      It  was  fonnerly  credited  witli  i\  siKH'ilie  action  on  epithelioma. 

Oetrmric  acid,  or  cetrarin,  i«  obtaincnl  from  Iceland  mo.>vS  (se«  juipe  47),  and 

W  befo  recommended  a-^  a  bitter  in  dosi-s  of  about  0.1  G.  (2  grs.).  in  tablets. 

Goto  liark,  u'boae  origin  is  still  doubtful,  contains  cotoin  (C'j^HitiOrj),  and 

ha»  hi-en  uswl  to  form  a  fluid  estmct.      Da«e,   0.3-1.5  c.c.    (5-20  mins.). 

CMoio  liAB  be<'n  prest  rilHfl  in  Ihe  dose  of  0  0;t-0.2  O.  (J-3  grs.). 

OnziB9  Hydroclilorate,  CAH4N2<^'2H.tC'flH5HC'l,  is  a  colorles-s,  crystalline 
bsdjr,  eolable  in  about  15  jnirtH  uf  water,  with  a  bitter,  somewhat  pungent 
tMto.     It  In  presrnl>ed  in  powder  or  tablets.      Uose,  0.:i  G.  (5  gi's.). 

BmI  IVuit,  or  Bengiil  quince,  wa'^  formerly  contained  in  the  B.  P.,  but  bus 
btro  ^Diuilteii  in  the  la«t  edition.  Very  little  i^  kno\vn  regai-diug  its  action 
or  iviodplea,  but  it  may  ]»erhaps  have  some  cilecl  as  a  bitter. 

Many  other  hitter  stomiirbics  mif^bt  he  cnnmeratwl,  8omc  of  wliloh 
r  |»ve  Iwvn  used  largely  in  former  tiincs,  but  aa  tliey  an^  all  identical  in 
Hlbcsr  tfftxis,  it  M*enis  unnecessary  to  do  so. 

^     Instead  of  the  mmple  bitters,  cioehona  and  nux  vomica  preparations 
aie  often  used   in  small  quantities.     Many  of  the  prq)aruti()u,s  wiiieli 
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will  be  enunienit(Ml  under  the  volatile  nil  series  owe  much  of  Uieir 
cffcot  to  the  bitter  which  acvmrnpanios  thf  volatile  oil,  and  io  numerous 
other  pharmacopccial  preparations  bitters  are  present,  although  tlieir 
effect  is  hidden  by  the  action  of  the  drug  in  other  directions. 

Therapeutic  Uses. — The  bitters  are  usetl  cJiiefly  to  increase  the  appe- 
tite and   the   digestion.     In   convalescents,   in  j»ersonH  of  sedenlarr 
habits,  and  occasionally  in  chronic  dyspeptic  ojnditions  they  arc  of 
value,  while  in  eases  of  more  acute  gastric  irritability  they'  may  do 
liann  rather  than  good.     Gentian,  Quassia,  Calumba  and  Chirata  arc 
the  only  simple  bitters  that  are  largely  nsed,  and  the  first  is  much  tht* 
most  injportant.     They  are  generally  prescrilnKl  as  tinctures,  fluid  ex- 
tracts or  other  fluid  preparations.     The  last  three  may  be  prescribo<^ 
with  iron  preparations,  as  they  contain  little  or  no  tannic  acid  nn6 
thus  cause  no  precipitate.     Pills  are  sometimes  prepcrilMnl  witli  extrao* 
of  gentian  or  quassia,  but  it  seems  open  to  question  whether  these  if 
gredients  have  really  any  effect  when  given  in  this  form.     Compound 
tincture  of  gentian  is  sometimes  used  to  give  flavor  rather  than  for  ai»^ 
effect  on  the  digestion. 

Quassia  infusion  (teu  per  cent.)  is  injecte<}  as  an  enema  in  the  ronn 
worms  of  children. 


Several  of  Ihr  driiRs  mentioned,  such  aa  taraxacum  and  gentian,  have  bee 
Bupi>osed  to  have  a  specific  action  on  the  liver,  but  ihere  are  no  Hiitticient 
grounds  for  this  belief.  The  sui>posed  virtues  of  pareira  bj*  a  diuretic  and 
of  bcrberiue,  buxiiie,  and  other  alkaloids  to*  subtiiitutes  for  quiniuc  iu  ma- 
laria have  also  proved  to  have  no  foundution,  and  the  popular  rrputatiou  of 
hop8  a»  a  narcotic  prububly  arises  from  its  aasoctutton  with  alcohol  in  beer. 
Cotoin  and  CoUi  bark  are  said  to  have  some  special  eflbct  in  lessening  diar- 
rhasa,  in  addition  to  their  action  as  bitters. 
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V.    VOLATILE   OIL  SERIES. 

The  group  of  volatile,  ethereal,  or  osscDtinl  oils  contains  a  lat^ 

number  of  preparations  in  the  pharmaco|KJ?iasof  all  countries.     These 

oils  arc  obtjiineiJ  from  plants  by  distillation,  or  more  rarely  by  pres- 

ftore,  and  must  be  distingui^jhed  by  the  student  from  the  fatty  or  Qxed 

oits»  which  are  non-volatile.     The  volatile  or  ethereal  oils  are  found 

vhit'liy  in  the  fnuts  and  Howering  j»arts  of  plants,  and  are  very  wliiely 

'lifru«ptl  thronirh  the  ve>:elable  kinj^doni,  though  s<:>nie  orders,  euch  as 

ihe   I^iiata;,  Umbellifera;,   Aurantiacea;,  Crueiferaj,  and  Coniferie  are 

preeuiinent  in  their  production.     They  are  all  strongly  odorous,  and 

are  thprefore  iipod  in  perfumery,  and  to  conceal  nauseous  odors  and 

txu^U^  in  medicine. 

Thfur  »im|KMtition  u  extremely   variiihle.     The  c^minonert  cofifltituente  are 

TferpewM,  and  rw>me  (tils  cuatain  thei*e  only,  while  in  a  few  niU  nn  U^ri^oue  hua 

b0«B4l  Imod  ( AtUr  of  Ri>.sc«).     Terpcaen  ure  hydroairbonn  of  the  un^iiiatiL'  Berie», 

iKadponeBa  the  genenil  formula  (C.Hj..     The  jrre:it  majority  of  thnu,  or  the 

fer^'^wnns  proper  (tVftHj^),  :ire  (>omhmationa  of  a  (iihyiirol)enzol  with  propyl  ami 

•Xiix\  ir,HJH,)C,H  CH3I.     Some  twelve  terpenes  of  this  tnniiula  iire  known, 

•;Ti(i^  in  their  cULMnical  «trueture  and  ta   their  stereometrieul   foriiu      Ariotlter 

ir»«j]i,if  theMi*  hyrinKtarlums  is  formed  by  the  /^Mf/uitrrpmrji  (C  H„),  while  a  few 

^^  ^-^rfirncs  (^>„,H^j)  ttpp  knoWH.     Some  volatile  oiI«  con^iBt  of  these  hydnM'arhonfi 

[***"*  i^.  lnu  m:my  of  them  eontnin  in  aiidition   wime  oxiili/«'d  aromalie  wulwtnnees, 

h  ft?  jihenoU.   ketones,   aldehydes,  aeidw  and  their  ei>nipoiind.s  ;  as  inhtanee« 

"         *:hrie  niiiy  U?  rited  camphor,   thnjon   {from   oil  of  jihsinth),   nahinol  (oil  of 

^uei,  -iafrol,  thymol,   eucalyptol,    myristit-ol,    nnd  vnnillin.     Many  of  these 

"*^  *  •limj  pro<luet/«  i*ry«tnlli7£  out  when   the  volutilt-  oil  is  cooled  sufficiently,  and 

illy  on  long  r^Lunding,  and  the   resulting  solid  is  known  oa  a.  ,Sffarofttmf, 

•  -     the  rtuid  remHiiiirig  ig  sometimes  ealled  Ef^ropUne.     The  oils  eonlaiinnf? 

['[J^^'lRu  arc  not  so  volatile  as  the  pure  hydroearhonn,  hut  Ih*-  mlor  is  ot^en  flue 

lf^**'''r  to  the  oxidized  fubstane^t.      A  very  few  oils  eoiit^iin  iiiirogenoiift  ImmUoh, 

^^  *»'mlly  in  the  fonn  of  eyanides,  while,  on  the  other  hand,  the  majority  of  the 

^•■«Ulertiimif  the  Crueifene  coot^iin  i^ulphur  btMlies,  which  lend  them  a  pungent, 

"^*«ipfp«blo  <i*Jor,  quite  ditferont  from  that  of  the  other  oils. 

The  volatile  oils  are  generally  clear,  colorless  fluids,  although  some 

^^    litem  are  green  from  the  presence  of  small  tjuautitics  of  vegetable 

<^^loriug  matter,  while  others  are  bine  in  color  from  the  presence  of  a 

^^r^ieiie  derivative  (azulene).     After  long  keeping  they  often  ac(piire 

*  v*llo\vi»h  color  and  an  acid  reaction,  from  the  formation  of  resins. 

■^U'v  are  generally  light,  sparkling  fluids,  hut  the  oils  of  copaiva  and 

*^bebs  are  more  viscid.     They  are  insoluble  in  water  ex(^cpt  in  very 

■''null  nmount,  which,  however,  is  enough  to  leml  their  chanjctcristic 

'»*lor  to  the  solution  ;  in  strong  alcohol,  ether,  benzol,  chloroform,  and 

fixid  vtW^j  ihey  are  freely  soluble. 

Many  of  the  plants  from  which  the  volatile  oils  are  obtained  possess 
other  active  constituents,  such  as  bitters,  and  as  many  of  the  pr<>pHra- 
tioas  useil  in  theraj)eutics  are  formed,  not  from  the  distilled  oiisj  but 
(t\>m  die  crude  purt^  of  plants,  it  must  be  noted  that  the  oil  is  not  the 
only  active  principle  in  them.  A  series  containing  members  which 
diiTer  so  widely  chemically,  and  which  in  fact  have  only  their  volatility 
and  their  aroraatio  nucleus  in  common,  could  not  be  expec^te<l  to  have 
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a  uniform  action  in  tlie  animal  or^nij^ra.  It  is  foiiml,  howpver,  tbat 
they  reseml>le  each  other  in  their  therapeutic  properties,  because  they 
are  used  ahnost  solely  for  thuir  local  action,  and  tliat  iu  only  .small 
quantities.  Some  of  the  volatile  oil  preparations  which  are  employal 
for  their  gem^ral  cHrrts,  will  l>c  dif^cussed  later.     (Se<»  Camphor.) 

Action  Externally. — The  volatile  oils  all  possess  antiseptic  pitipertiea, 
which  are  doubtless  due  in  part  to  their  volatility  enabling  thera  to 
piuietnite  readily  into  protoplasm  and  to  lessen  its  vitality  by  acting 
as  foreign  botlies.  In  addition,  they  are  nearly  related  to  the  benzol 
series,  the  members  of  which  are  all  antiseptics  and  protoplasm  {>oisous. 
They  differ  a  good  deal  in  their  germicidal  power,  and  are  much  more 
poisonous  to  the  moulds  than  to  the  bacteria.  The  most  active  oiltj 
are  those  containing  a  large  amount  of  terpene,  such  as  the  oil  of  tur- 
pentine. 

Their  volatility  may  also  explain  thoir  irritant  action  in  part,  for 
most  other  volatile  substances  are  more  or  less  irritant,  but  here  again 
their  relation  to  the  phenols  and  benzol  cannot  be  ignored.  Applied  ■ 
to  the  skin,  they  cause  redness,  itcliiug  and  warmth,  owing  to  a  local  " 
dilation  of  the  vessels,  which  may  be  due  to  the  penetration  of  the  oil 
to  the  cutaneous  arterioles  or  veins,  or  to  :i  rt'flex  from  the  irritated 
terminations  of  the  sensory  nerves  acting  oti  the  vasomotor  centres. 

When  painted  on  the  raucous  membranes,  such  as  those  of  the  eye 
or  nose,  or  on  wounds,  the  volatile  oils  cause  similar  irritation,  which 
is  l)etrayed  by  redness  and  c<»ugestion,  ]iain  and  smarting. 

Action  on  the  Alimentary  OanaL — Strong  solutions  of  the  oils  act 
as  irritants  iu  the  mouth.  Tiiey  have  genenilly  a  hot,  burning  taste, 
and  if  kept  iu  the  moutli,  cause  redness  and  irritation  of  the  muoous 
membranes,  although  some  of  them  indue^j  a  sense  of  coolness  at  first. 
At  the  same  time  the  organs  of  smell  are  affected  by  these  oils,  which 
are  almost  all  possessed  of  charaetL'ristic  odoi*s.  The  irritation  of  the 
moutli  leads  to  a  reflex  secretion  of  8;iliva,  which  is  often  very  profuse. 
The  antiseptic  action  of  the  oils  is  exercised  in  the  mouth  as  elsewhere, 
and  may  have  a  beneficial  effect  in  S4)me  cdiiditiotis. 

On  passing  into  the  stomach,  the  oils  cause  the  same  sensation  of 
warmtli  in  that  organ,  and  this  is  accumpauird  by  a  wnse  i»f  wcll- 
Ix'ing  and  coiiiibrt,  the  apj^etite  is  often  increaseil,  and  any  feeling  of 
distention  after  meals  is  relieved.  This  is  often  attended  by  the  eruc- 
tation of  quantities  of  gas.  Substances  which  prt>duce  the-se  effects  in 
the  stomach  are  known  as  rfviniitath-cj*,  and  many  explanations  of  their 
action  have  been  offered.  The  oils  undoubtetlly  act  as  antiseptics  here 
as  elsewhere,  and  may  [liiuler  tlie  development  of  yeasts  and  other 
organisms  and  thus  be  of  Iwnefit,  but  this  would  not  give  the  imme- 
diate feeling  of  relief  which  is  often  experienced  after  a  small  ijiiantity 
of  these  remedies.  The  process  of  digestion  seems  to  be  rather  re- 
tarded than  accelerated  hy  the  presence  of  the  oils,  as  far  jh  can  be 
.adged  by  test-tulje  experiments  and  by  some  measurements  raa^le  by 
Snchheim  on  the  digestion  of  animals  with  gastric  fistulie.  The  secre- 
tion of  the  gastric  glands  has  been  said  to  be  increased  by  the  direct 
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iiti  of  the  volatile  oils,  but  this  hns  licen  disputod.      But  it  must 
not.  bo  forgottep  ttiut  the  most  powerful  stimulant  to  gastric  secretion 
ia    the»mell  and  tasto  of  food,  and  that  substances  of  agreeable  taste 
an<l  odnr  cause  a  marked  increase  in  the  gastric  juice  by  reflexes  fnim 
|be  mouth  and  nose.     An  argument  for  the  direct  action  of  the  volatile 
oils  nD  the  secretory  glands  has  been  drawn  from  the  observation  that, 
applied  to  the  fn>g*s  sUin,  they  induce  a  profuse  local  secretion,  but  this 
U  scarcely  sutlioieut  basis  for  an  explanation.     The  eructation  of  gas 
cert&inly  suggi'st^  that  the  volatile  oils  accelerate  the  movements  of  the 
^lotnui'hT  and  this  hits  been  re|it-'atedly  coufirnietl  by  the  direct  observa- 
tion ui'  the  stomach  walls.      Branill  lias  also  shown  riMt^ntly  that  absorp- 
tion occurs  much  more  rapidly  frcuu    the  stomach  in  the  preseuee  of 
ulight  irritauts,  such  as  the  volatile  oils.     Finally  it  must  be  adde^i  tfiat 
many  of  the  beneficial   eflei^ts  are  purely  subjective  ;  the  [witient  has  a 
feelinij  of  warmth  and  comfurt  in  the  region  of  the  stomach,  arising 
fnjin  Uie  <^light   irritation   and  conserpient   hypenemia  of  the  mucf^us 
tnombnuie,  but  this  does  not  necessarily  indicate  any  marketl  altera- 
tion ill  the  processes  of  digestion  or  in  the  movements  of  the  stomach. 
Similar  etfcctJj  arc  believed  to  I>e  producfnl  in  the  intestine,  for  the 
idmiiii>tratittu  of  these  oils  is  ot\en  followed  by  an  improvement  iu  its 
liitioD,  manifcste*!  by  lessened  flatulence  and  distention,  and  relief  is 
given  by  their  use  iu  some  forms  of  coHc.     The  antiseptic  action  may 
jtlarti  part  in  these  effects.     Scanzoni  and  Farnsteiner  have  recently 
tkttm\  that  the  intestine,  like  the  stomach,  absorbs  more  rapidly  in  the 
uec  of  finiall  (juantilics  of  the  oils.     The  pancreatic  secretion  was 
1  to  be  increased  by  their  irritant  action  iu  the  stomach,  through 
I  relies  trTivclling  l>oth  centripetally  and  eentrifuguUy  along  the  vagUH 
fihm''*      "  '-^  bill  Schirokikh  asserts  that  this  is  true  only  when 
bfgv 'I  -  pnnluce  very  murkrtl  gastric  irritntion.     Whether  the 

perwUJtic  movements  of  the  b4>wel  are  iucrease<l  by  the  volatile  oils 
It  quite  uukuown.  It  is  believed^  however,  that  their  administration 
loKtM  IIm.'  pain  and  griping  produced  by  some  of  the  more  powerful 
|Miq^ives,  and  several  pharmucopieial  preparatirms  arc  formeil  on  this 
tJbeory,  which  is  supiwrtcd  by  numy  years  of  clinical  experience. 

A  coiisidi-mble  iiicriase  in  the  leucocytes  of  the  blood  follows  their 
iojpeatioa  by  the  mouth,  but  this  is  observed  in  congestion  of  the 
Moottch  And  intestine  from  other  causes  and  is  not  induced  by  the  sub- 
ostaoeous  or  intravenous  injection  of  the  volatile  oils,  so  that  it  C4innot 
be  ngnntediu  a  specific  effect.  WinternitK  found  tliat  irritation  of 
tlie  pleura  ciiusi.'^  less  purulent  exudate  in  animals  trcatwl  with  some 
Tolaiile  oils  than  in  controls  which  were  not  tre:ited  in  auy  way,  aud 
tfoodudtfs  that  the  presence  of  the  oils  in  the  blood  lessens  the  exudate 

J* 


■ttw  itrt  absorption;  he  is  incrmed  to  regard  this  anti- 

:i  as  a  result  of  the  leueoeytosis  and  of  a  supposed  attrac- 

tioii  i*x«'ft»i»ed  on  the  leucocytes  by  the  oils,  which  prevents  their  M'ander- 

into  the  tissues. 

retlon.  —  I^ikc  other  Ixxlies  of  the  aromatic  scries,  they  tend  to 

iadeigo  a  partial  oxidation  in  the  botly ;  thus  the  terpenes  (C^^H^J 
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become  terpcnols  (C\„Hj.OH),  and  several  derivatives  of  the  terpenes 
have  been  shown  to  uuaerifo  a  similar  chancre  of  a  hydrogen  atom  to 
hydroxyl,  while  othera  which  coutaiu  the  -OH  group  originally,  remain 
unaltered.  The  odor  of  the  original  oil  or  of  these  derivatives  may  often 
be  detected  in  the  breath,  showing  that  a  small  part  is  excreted  by  the 
lungs,  and  possibly  traces  may  be  eliminated  by  the  skin.  Some  also 
escapes  by  the  kidney  uncombined  and  imparls  an  odor  to  the  nriiie 
either  of  the  original  oil  or  of  some  oxygen  derivative;  for  instajice, 
oil  of  eucalyptus  or  of  turpentine  gives  the  urine  a  violet  odor.  But 
much  of  the  hydroxyl  protluct  is  combined  with  glycuronic  acid  and 
escapes  in  the  urine  in  this  form,  while  some  may  combine  to  form 
conjugate  sulplmtes.  The  glycuronic  acid  reduces  Fchling's  solution, 
especially  when  the  urine  is  previously  lx>iled  ^vitli  acid,  so  that  the 
volatile  oils  were  formerly  credited  with  inducing  glycosuria.  Some 
of  the  constituents  of  the  oils  are  oxidised  to  acids  and  excreted  in  die 
nrine  as  salts. 

In  the  course  of  excretion,  some  of  the  oils  cause  irritation  of  the 
lungs  and  kidneys,  so  that  some  of  them  are  employed  to  increase  the 
bronchial  secretion,  while  others  liave  a  distinct  diuretic  action.  This 
irritant  action  is  of  course  not  confined  to  the  tissue,  but  extends  to 
microbial  guests,  so  that  the  volatile  oils  have  been  given  internally 
with  the  intention  of  destroying  or  retarding  the  growth  of  bacteria  in 
the  lungs,  and  souie  of  them  are  used  almost  exclusively  for  tlieir  anti- 
septic action  in  the  urine. 

Poisoning. — The  various  oils  differ  a  goml  deal  in  their  activitv, 
while  resi^mbling  each  other  closely  in  the  general  characters  of  their 
effects.  All  of  them  may  produce  mi\rked  irritation  of  the  stomach 
and  bowel  when  given  in  large  quantities,  but  the  oils  of  tansy,  sage, 
and  English  pennyroyal  are  distinguished  especially  by  the  vit>lent  in- 
flammation they  rause,  and  by  the  frequency  with  which  fatal  poison- 
ing occurs  from  their  use.  The  terpenes  appear  to  be  but  slightly 
poisonous,  and  their  effects  are  probably  limited  to  local  irritation ;  the 
oxidixed  aromatic  substances  have  been  shown  to  be  the  poisonous  con- 
stituents in  all  the  oils  hitherto  examined.  The  symptoms  are  those 
of  acute  gastricj  intestinal,  and  often  renal  irritation — vomiting,  purg- 
ing, acute  pain  in  the  abdomen,  HIocmI  in  the  stools  and  in  the  vomited 
matter,  collapse,  weakness  of  the  pulse  and  respiration,  anuria,  or 
albumin  and  blood  in  the  urine,  and  convulsive  attacks  ending  in  coma 
and  death.  Great  hypenemia  of  the  abdominal  organs,  often  blotxl  in 
the  jH-'ritooeal  cavity,  and  sometimes  acute  inflammation  of  the  kidney 
are  the  chief  post-mortem  appearances.  The  liyperaimia  and  conges- 
tion of  the  organs  of  the  abdomen  may  cause  abortion  in  pregnancy,  or 
increase  the  menseSj  and  in  the  majority  of  cases  of  jwisoning,  these 
oils  have  Ix^en  taken  with  the  object  of  inducing  alwrtion.  In  many 
iustjinces,  however,  the  dnig  has  proved  fetal  without  this  end  being 
achieved. 
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General  Action. — The  small  qiiaDtities  of  volatile  oils  administered  in  or- 
dinury  medicinal  use  puss  thi'ougli  the  tissues  without  modifying  them  per- 
ceptibly, their  only  efibcts  arising  in  the  oi^huh  by  which  they  are  absorbed 
and  exorftcd.  In  larj;fo  quantities,  however,  some  of  them  (theoilaof  worm- 
wckkI,  nutmeg,  siige,  siivine  uiuouk  others)  produce  uymj>toniH  which  indi- 
cat*-  an  affection  of  the  central  nervous  system  quite  apart  from  their  local 
action.  The  latter  hIko  pruduceA  nervous  effects  reflexly,  and  it  has  been 
fuund  exceedingly  diflru:ult  to  distinguish  these  indirect  results  from  those 
caused  by  the  direct  action  on  the  central  nervous  system.  A  good  deal  of 
divergence  is  to  be  found  in  the  Htateraents  of  different  writers  from  this  catise, 
and  also  from  the  fact  that  comparatively  few  researches  have  been  carried 
out  with  pure  principles.  Many  of  the  oils  vary  in  their  constituents  accord- 
ing to  the  climate,  the  season  of  the  year,  and  other  conditions  under  which 
the  plant  was  grown,  and  some  of  the  confusion  may  arise  from  dilferencfs 
Id  the  oils  use<i  by  investigators.  Almost  all  the  oils  hitherto  examined  cause 
tlepression  and  final  panilysis  in  the /roy.  The  action  seems  to  be  mainly  on 
the  brain,  larger  quantities  being  required  to  paralyze  the  spinal  cord  than  to 
prevent  all  spontanef*us  movements.  This  stage  of  depression  is  preceded 
by  one  of  excitement  after  oil  of  wormwood  and  some  others.  Home  of  the 
oils  paralyse  the  terminations  of  the  motor  nervea  in  voluntary'  muscle  like 
cimn  and  camphor. 

In  mammaU  the  general  action  of  (he  constituents  of  the  volatile  oils  seems 
to  involvr  a  preliminarj*  stimtdation  and  sulisequent  depri'ssion  nf  tin-  nerve 
irells.  The  relative  imiwrtance  of  these  two  stages  differs  in  dilfennit  oils, 
Bi»me,  e.  y.,  turpentine  oil,  caui«ing  only  a  transient  excitement,  fullowed  by 
marked  weakness  and  dej>ression,  while  others,  such  as  tlie  oil  of  nbsinth, 
cnu^e  ver>'  marked  excitement  and  convulsions.  The  activity  of  the  oils 
ner\'ous  poisons  also  varies  greatly,  some  producing  only  insignilieiint 
ts  on  the  eeotral  nerA'ous  system  compared  wilii  those  from  their  local 
n,  while  in  others,  such  as  the  oil  of  absinth  or  wormwood,  the  riymp- 
toum  from  the  nervous  system  predominate  in  cases  of  poisoning.  A-^  a 
lEfnenil  mle  the  higher  divisions  of  llic  central  axis  are  affei-ted  more  than 
the  biwpr  nnd  epileptifdnn  or  clonic  couvulwions  may  l>c  iu'lucrd  (cjimphor),  or 
trvuior*  iijmiiiir  to  thiB*e  dc-scriltcd  under  carhnlic  acid  anit  pm-wuniably  uf  similar 
origin  (wifrul  mid  nutmeg  oil).  In  many  ca«es  a  combiuutidii  of  cxcitctui-nt  and 
ia  is  obwrved,  the  animal  moving  about  rei*tlei«ly,  but  lx>ing  unable  to 
icf  itw'ir  In  the  later  t»tagi?s  of  {M>isiining  tin;  sIH^nt4lneon^'  muvenicnls 
whih*  thi'  excitation  of  the  lower  centres  still  pcrsiJ^U*,  «nd  wild  convul- 
f\\»-  movements  accimpauy  the  Hnal  arrest  of  the  rfNjiiniliriii. 

The  medullary  centre*  are  alft<i  atfected  differently  by  the  various  oils  and 
their  constituents.  The  respiration  is  funilly  depressed  by  all  of  them,  but 
this  deprew^ion  is  often  preceded  by  stimulation,  the  breathing  increasing 
both  in  rapidity  and  in  volume.  The  vasomotor  centre  undergoes  similar 
«tUMnges,  the  blood-pre-ssnre  falling  from  some  oils  immediately,  from  others 
after  a  preliminarj'  increase. 
he  hfari  does  not  seem  to  be  affect^>d  by  most  of  the  volatile  oils,  except 
ndinwily.  In  cases  of  poisoning  the  collapse  and  shock  may  alter  the 
character  of  its  contractions,  but  direct  effects  on  the  cardiac  muscle  have 
not  been  shown  to  Ik?  priHluced  by  the  volatile  oils,  unless  when  enormous 
quantities  are  injected  iutravcuously. 

Hrffter  and  Lindemanti  have  recently  shown  that  some  of  the  constituents 
of  the  oils  C-ausG  fatly  degeneration  of  various  organs,  opee.ially  of  the  liver 
and  kidney,  while  others  of  very  similar  eon.stitutiou  have  no  such  effect. 

Lurgv  quantities  of  the  volatile  oils  often  produce  a  considerable  fall  iu  the 
temperature. 

Although  iheflo  general  effects  of  the  volatile  oils  have  no  therapeutic  im- 
portance, the  frwpient  occurrence  of  epilrpsy  and  insanity  in  habitual  ab- 
aintb  drinkers  have  given  them  some  practical  interest. 
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atuK  Cbftfr,  B.  P.),  also  contain  amygdnlin,  or  some  nearly  related  nubfttance^ 
and  emulsin,  nnd  form  henznldehyde  and  prussic  aeid  when  rubbed  up  with 
water.  Tlu'  Vii-jjiuiiui  cherry  hark  bus,  however,  a  more  bitter  Uiele  Ihan 
the  others,  fnmi  the  pretfenee  of  a  resin  or  some  other  unknown  body. 

The  Volatile  Oils  themselves  are  also  represented  in  tmnecessarily  large 
numbers  iu  the  pbarmacopti'iaA. 

U.  8.  P. — Oleum  yfenihie  Piperita  (oil  of  peppermint),  01.  Afenlfue  Viridh 
(speurmint  oil),  01.  UauUheriw  (winten^reen^,  OL  iMixtruiultr  Fforutn  (oil  of 
lavender),  OL  Eucalypti  (eucalyptus  oil),  01.  Limoni«  Corticut  (oil  of  lemon), 
01.  Attmntii  Corfiriji  (oil  of  nnuiKe  |»eel),  Ohorf-nua  Zinffibrn*  (pinger),  01. 
Avitjffdntfr  Anmnr  (l>itt<'r  almonds),  Ol.  Oiryophylli  (oil  of  cIovcm),  Ot.  ISmndtr 
(nil  of  alUpioe),  (H.  Vanti  (caraway  oil),  ol.  iHnnamomi  (einnamon),  Ol.  0»ri- 
tindri  {{.ttnnmU'T),  W,  J5ri^fflno«/M  (erigeron  or  flealwne),  01.  <  VT/w;*M/r  (eajujiut), 
Oi.  iia*»qfraM  (BaRsafras).  01.  Anw  (aniw),  Of.  Frrniruli  (fennel),  01.  HottrntrnM 
/roAemary ),  01.  H^iiroma:  ( pennyroyal ),  01.  Juniprri  ( juniper),  01.  Sahinv 
(aimne),  01.  Romt  (oil,  nttar  or  otto  of  roiM>8),  Ol.  liftultr.  VoiaiUe  (volntile  oil 
of  birch),  01.   Tlitjvn  (thyme),  Ol.  M'irU/inr  (nutmeg), 

B.  P. — Oleum  Anethi  (oil  of  dill),  Oi.  Anim  (nnise).  01.  Oajuputi  (cajupnt), 
OL  Carui  (caraway),  OL  Caryophylli  (cloves),  OL  Cinnamomi  (riiiiiamon).  Oi. 
Cffriandri  ((X)rian<lor),  OL  Kuealyjtfi  (enealyplus),  OL  Lavandultr  (lavender), 
01.  Limonis  (Ipmon),  OL  MenlhiV  PiperUie  (peppermint).  OL  Mcnthx  Viridi$ 
(iipeannint),  OL  Myritttica  (nutmeg),  Oi.  iin/A^-midi*  (chamomile),  OL  PimmUtt 
(allflpice),  OL  Roex  (oil,  attar,  or  otto  of  roses),  Ol.  Rosmarini  (rosemary). 

The  ma.jority  of  thes*^  oils  reBcmhle  each  other  very  closely  in  their  eflectfi 
and  n-ijuire  no  special  comment.  Oil  of  roses  is  so  expensive  that  it  is  never 
used  in  medicine,  especially  as  it  has  no  tipet^^ial  advanta^s  over  the  others. 
The  oils  of  rosemnrj',  juniper,  and  Siivine  are  mon-  initunt  than  the  others, 
and  are  seldom  lused.  The  oils  of  wintergreen  and  of  bin-h  consist  mainly 
of  methyl-aalicylate,  and  may  be  used  instead  of  tbe  other  salicylates. 
Nutmeg  and  mace  oiU  are  more  poisonous  thau  the  other's,  not  fron»  tlieir 
local  irritant  action  so  much  as  from  their  etfeots  aft^-r  abw^rplion.  Oil  of 
bitter  almonds  contains  a  very  variable  amount  of  prussic  acid  itud  therefore 
cannot  be  sulwtituled  for  the  other  volatile  oils,  hut  its  preparutious  are  so 
dilnt«  as  to  be  void  of  all  danger. 

The  volatile  oils  themselv**  are  comparatively  little  used,  A  single  drop 
may  be  added  to  jKiwdcrs.  pills  or  solutions  to  give  a  pleasant  odor,  and 
their  presence  iu  tooth  powders  rentiers  these  more  or  less  strongly  antiseptic. 
Occasionally  they  are  given  in  cases  of  colic  or  in  chill  by  pouring  a  few 
drops  on  a  piece  of  sugar  which  is  sucked.  The  dose  of  the  volatile  oils  in 
general  is  1-2  drops. 

Spiritus  arc  formed  from  manyof  tlie  volatile  oils  by  dlasolving  tbetn 
Iq  alcohol,  ijometituoH  with  thp  addition  of  water  and  sometimes  with 
some  of  the  crude  dru;^,  so  that  tbe  preparation  i.H  really  a  mixture  of 
tincture  and  spirit.  The  spirits  or  es-sences  of  the  volatile  oils  are  used 
verv  largely  as  Havoring  agents  iu  mixturta  for  internal  use,  and  are 
oth'n  ailcUnl  to  external  ai>pIications  to  lend  them  odor.  Thev  mav 
alsu  be  pPCserilKtl  where  alcohol  is  indicated  hut  is  dbtasteful  to  the 
patient ;  the  spirits  of  the  volatile  oils  cHHilain  nearly  double  the 
amount  of  alcohol  in  brandy,  and  have  to  be  diluted  acrordinglv. 
Any  of  lliem  may  be  used  as  carminatives,  hut  the  sfjirits  of  penwr- 
mint,  rinnannjn,  anise  and  lavcn^ler  are  more  fretjm'ntly  used  for  this 
■purporjc  than  tlieotbers,  Spirit  of  juniper  is  often  given  as  a  diiiretio, 
either  alone  or  along  with  other  drugw.  Spirit  of  rosemary  is  geuerallv 
nsed  externally.     Marty  of  the  common  perfumes  are  spirits  of  dilfer- 
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volatile  oils ;  thus  cau  dc  Cologne  cc^ntaius  the  oiU  of  bergatnut, 
»on»  rosemary,  laveodef  and  orange-flower,  along  with  acetic  ether 
id  alcohol. 

The  dose  of  tlie  apiritiia  as  carminatives  is  1—4  c.c.  (15—60  mina.). 
Th«L>y  are  often  prescribed  along  with  other  stomachics,  suoh  as  mix 
vomica,  cinchona,  or  the  bitters. 

IT.  8.  P, — Spiritus  AmygdaUe  Amarfty  Spir.  Anisi^  Spir,  Aurantii  (hmpnaifun 

(containing  the  oils  of  urauf^e  1>04'1,  lemon,  coriander  and  oniHc),  Spir,  i'lnna- 

Spir.  iitiultheriw,  Spir.  Juniperi,  Spir.  Jitnipn-i  Compotntus  (containing 

i/f  janijKT,  furawrty  and  fennel.     Dose,  4-8  e.c.,  1-2  fl.  drs.),  Spir.  Laran- 

*y*ir.  MfH/fup  PijttritfT,  >/^ir.  Mrnfktr  Mn'Uis, 

&irir  Aromatirum  und  Eluir  Adjuvnua  are  iireparations  of  the  Spir.  Aurantii 

Coiupnsitus  whicb  an-  used  exeliuiivciy  as  riavor>, 

B.  P. — Spirituti  Anixt.  Sp.  Cqjnputi.  Sp.  Cinnamomi,  Sp.  Juniperi^  Sp.  La- 
rmdu/ir,  .Sp.  Mimthtr  Viperittr,  Sp.  MyriMicttr,  Sp.  lio»untrini. 

The  compound  spirit  of  horse-radish  (Spir.  Arrtwrariir  Compnttittm)  ia  oh- 
Uiiaed  hy  I'xtractiop  the  volatile  oils  of  liursi^rudish.  hitter-oningi*  peel,  and 
nulmcff  with  dilute  alcohol  and  purifying  them  hy  dUtilltUion.  Hurst/radisU 
oil,  like  that  trf  most  of  the  Crueifene,  is  a  ftul|»hiir  enni^Hiund,  and  has  a 
pecoltarly  hot,  burning  taste.     Dose,  1-2  ti.  dr».  (4-8  c.c). 

.^^pm, — The  volatile  oils  are  very  insoluble  in  water,  but  when  tliey 
amihaken  iu  it,  enough  reiuains  in  the  water  to  give  it  tlie  odt>r  and 
tMsieof  the  oil.  In  the  proco^n  of  obtaining  the  oils  fi»rn  the  crude 
<*nig«  by  distillation,  some  oil  is  held  by  the  water,  and  a  numlxT  of 
tbt«e  waters  (u4|ua;)  arc  contained  in  the  pharmaeopcoins.  They  are  nsed 
««  sahstitntos  for  distiller]  water  in  making  up  prescriptions,  the  small 
Quantity  of  volatile  oil  serving  merely  to  give  a  pleasant  odor  and  taste. 

V,  fi.  P.— jiTim  AniJii,  Aq.  Aurantii  Flor.  and  Aq,  Aurantii  Florum  Foriior 
V^if  latter  conlnining  twice  a^  much  vcilutile  oil  as  Ihe  former),  Aq.  Cinna- 
•*o«i,  Aq.  Ftmirtifi,  Aq.  yfrnth.  Piperit-ie,  Aq.  Mcnth.  Viridiii,  Aq.  A'owr, 
-^y.  lEoMB  Foriior  (the  latter  twice  as  strong  us  the  ordinarily  used  Aq, 

r). 
B.  P. — Aqtut  An^thi,  Aq.  Ani»i,  Aq.  Aurantii  Florum,  Aq.  Canii,  Aq.  CV'n- 
MiMii,  Aq.  Ftrniaili,  Aq.  /^i/rocrrtwri  (laurel  wutt-r,  contnining  prussic  acid 

*tMl  bcnxatdehydfK  Aq,  Mrnthtc  Piprritae^  Aq,  Mcnihie  I'lridw,  Aq.  PimentKf 

•4f.  JiEttMr,  Aq.  Sambuci. 

JimMhtr  preparation  containing  a  volutilo  oil  mt>rclv  oa  a  fiavoring  ingredient 

>i  OkfiHiUmm  Aqutr  Uomr  (cold  CTeani),  t'.  H.  1'.,  It.  P. 

Some  of  the  preparations  containing  volatile  oils  arc  derive<i  not 
from  the  oil  itself,  but  from  the  crude  drug,  and  therefore  cout;iin 
Don-volatile  8ul>stanoes  which  are  generally  absent  from  the  prepara- 
tioos  already  mentioned.  As  a  general  rule  these  non-volatile  bodies 
m  ii»cti\*ts  but  in  some  aisen,  bitters  or  resins  are  ttnitained  in  the 
(vepftnitions,  and  may  influence  their  action.  Thus  a  bitter  glucoside, 
beBpcridii),  is  found  in  the  orange  peel,  and  is  present  in  the  propara- 
tioiM  fbnned  directly  from  it,  while  it  is  absent  from  those  forme*!  from 
iIm  volatile  oil.  (linger  contains  a  resin  of  hot,  burning  taste,  which 
iucrMscs  tlie  carminative  action  of  the  oil.  Cinnamon  contains  some 
I  tuiaio  atrtd,  wbicii  luisses  over  in  the  tincture,  while  a  fixed  oil  is  con- 
in  cardamom.     Arnica  contains  a  bitter  substance,  arnicin  ; 
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calamuiij  a  bitter,  acoriii,  in  addition  to  a  volatile  oil ;  otiuscanlln.  a 
hitter  principle,  cnscarillin.  alonjr  with  at>other  oil.  Propnnuiuns 
which  contain  a  hitter  enh'^tanco  in  addition  to  a  volatiU?  oil^  are  often 
clajtsed  as  aromatic  bitters  along  with  the  Pepper  scries. 

Amon^  the  preparations  formed  from  the  crude  drugs  are  the  Symps, 
which  are  used  exclusively  a-s  tlavoring  agcuts. 

V.  8.  P. — Syrujivn  Aurantii  Ftorum,  Syr.  AmtfffdaUe,  Syr.  Aurctnliit  Sy. 
Bt^a,  SjfT.  Zingiberia,  Syr.  I*nini  Vtrginiante. 

B.  P. — SyrupuM  Aromaticus  (containinjf  tincture  of  oranj^e  and  cinuamon 
water),  Syr.  Aurantii^  Syr.  Aurantii  Floria^  Syr.  /.imonM,  Syr.  Pruni  Virgini- 
arue,  Syr.  Ro»te,  Syr.  Zinyiberie.    Dose  of  synipR,  B.  P.,  2-4  c.c.  (^-1  11.  dr.). 

Tlie  Tincturea  are  used  for  the  ^rac  purposes  as  the  spirits  of  the 
pure  oils,  and  in  the  same  dose,  1-4  c.c.  (15-60  mins.).  The  tinctufes 
of  arnica  are  employed  externally  a.s  applications  to  bruised  surfaces 
and  in  similar  oooditious,  but  they  have  no  more  effect  than  other 
preparations,  although  they  are  popularly  regarcJe*!  as  s|)ecifics. 

IT.  8.  P. — Tinctura  Arnietr,  TTiirf.  Auran/ii  Awari,  TTwic^.  Aurttntii  Dnlcit^ 
Ttnrt.  Limoni*  Chrtiruf^  T^nrt.  Chrtlamomi,  Tinci.  QirttaiHOmi  t'omponia 
(e^intAiu'mg  curdaiuoai,  ciiiuuniou,  caruway),  Ti/tct.  Cmuamomi^  Ttnct.  Laratf 
(JufiT  Compmita  (oils  of  lavender,  roscmarj*,  cintiamoo,  cloves,  nutmeg),  T^txd. 
VaniUis^  Tinci.  Zingiberia. 

B.  P. — Tinctura  Aminr.  Tinct.  Aurantii^  Tinet.  Cardamomi  Compoitita  (con- 
taining cardamom,  caniway,  cinnamon  and  niisins).  Tinci.  Vinnamomi. 
Tirici.  Laranduttr  Compomta  (lavender,  njtM.-mary,  cinnainoD,  nutmeg),  TVnct 
Limonia^  Tinct,  Pruni'  Virginiante,  Tinct.  Zingiberig,  7\nct.  CVKwanV/ie. 

Fluid  Extracts  of  the  volatile  oil  aeries. 

U.  S.  P.  —  fluiiiextrticfuin  Attrnntii  Amari,  1-2  c.C.  (15— 30  uiiUM.). 

/•yuitlertractum  RotuK^  4-8  c.c.  (1-2  fl.  dre.). 

Fttiuhxiradum  (hfami,  0.5-1.3  c.c.  (8-20  mins.). 

f^uidexiradum  Sabimr^  0.2-0.5  c.c.  (^8  minx.). 

Ffuidrjirar/ttm  Pruni  Mrgininnfr:,  2-4  c.c.  (J-1  fl,  dr.). 

Fimdrxfractum  Zingibrris,  0.5-1.3  c.c.  (8-20  mini}.). 

ftuidcri factum  Aromaficum,  0.5-1.3  c.c.  (8-20  uiin^),  from  aromatic  powder. 

The  only  Huid  extracts  at  all  exteoflively  used  are  the  last  three. 

Izifusiozis. 

U.  8.  P. — Tn/unutn  Pruni  Mrginiamr. 

B.  P. — In/uaum  Aurantii. 

Infunum  Aurantii  C^>mpo8itum  (formed  from  bitter  orange  peel,  fresh  lemon 
I>cel  and  cloves). 

Infusum   Citryophylli. 

Infutium  Rosic  Acidum  (contaiuiug  sulphuric  acid). 

In-fuftum  Cascariltse. 

These  infnslons  are  ffiven  in  doses  of  J-1  fl.  o«.  (15-30  c.c.)  and  may  l»e 
used  instead  of  tlie  medicated  waters  (aquse). 

Other  Preparations. 

Ertraclum  Anthemidin  (B.  P.),  0.1-0.5  O.  (2-8  grs.). 

Cmtferfio  Roste  GulUcie  (B.  P  ). 

These  last  two  preparatiuus  are  used  almost  exclusively  as  coheaive  bftaes 
for  pill.s. 

Putins  Aromaticus  (V,  8,  P.)  contains  cinnamon,  cardamom,  ginger,  and. 
nutmeg  in  powder,  and  ie  ausefVil  ranninativeiiidoses*of  0.:j-2(J,  (5^30  grs.).  * 

Putvis  Cinnam'imi  Comjtositua  (B.  P.)  euuluitiri  cinnamon,  canlauiom  and 
ginger,  and  in  ti8<Ml  as  a  carniiualive  in  doses  of  10-40  grs. 

Ungucntum  Eucalypti  (B.  P.). 
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Pure  Principles  n.so<l  aH  Havora  : 

Sftfrolun  (V.  H.  v.),  wfrol  (C,H,-(\H5-OOCH,),  a  pure  prinoiplo  found  in 

ra-s  ai)<l  other  voltitik*  'A\»,  [i^Kt-ntvcs  an  tMlur  hk*?  sftsftftfra-s.     It  is  a  ivilorlt'sa 

r  Ciiiutiv  vrlltiw  liquid,  if^ilublc  in  »)cohol  luid  i-ther.      Dost*.  0.3  c.c.  {ft  niins. ). 

VaniUiniLm  (U.S.  I'.),  vanillin  (C'.U,*OHOCH,-COH),  «xfun*  in  vanilla  and 

ul«i  iiiQile  !*_vhtlieticn!ly.  It  forms  white  nwnlfe  rnHtals,  («li(<htly  soliiTde  in 
jittT,  eohilv  «»luble  in  alcohol  aud  t'ther,  and  pcisscssca  the  uihir  and  Uwte  of 
r:iriilla.      I»W'.  o.i)»  O.  (i  kv.). 

Benzaldehydum  (r.  S.  P.),  Iwnxaldehydo  (C,HjCOHV  occnre  in  the  oil  of 
litUT  iflinond't,  antl  i«  alan  made  artiticinlly.  U  ih  u  eolnrlefw  fluid  with  tho  odor 
Jill  t«.'*tf  ol"  liitur  aliuoud  oil,  vtTV  slightly  soluldc  in  wulor,  but  freely  uiit<oiltle 
riih  jil(*.hol.      !>'»«?,  0.03  c.c.  (i  niin.). 

Cinnaldehydum  (U.  H.  P.),  rinnamic  aletlhyde  (C  K^iMI  :(ni  (^OH),  \» 
K'iirly  itlfntiral  with  rinnainnn  oil  nnd  foruiH  u  t'oIorlcHH  li(|uid  with  the  odor  of 
innaaion  aud  a  hot,  burning  UuMte.      Do!*i%  0.05  c.c.  (1  min.). 

Eugenol  (U.S.  P.).  u  phmol  (C^H,()U*(>('n,*r,HJ  nhtaine<l  from  oil  of 
dovw*  aud  other  oiln,  and  foruiiug  a  colrirIe*w  liquid  with  an  odor  like  cloves,  and 
I  hot,  liurniug  tn-nte.      Dose,  0.2  c.(\  (3  niinii.). 

These  pri[KM[)]c9  iirc  Utsetl  exclusively  to  give  flavor  an<I  (Klor. 
Several  pure  sulwtances  which  have  Iweii  iRolated  fmni  the  volatile 
►ils  an*]  introduced  into  therapeutics  (eucalyptol,  menthol,  thymol)  will 

le  mentioned  later,     (See  index.) 

A  number  of  other  volatile  substances  arc  used  loeuUy  in  medicine 
for  the  same  purpase  as  the  volatile  oils,  nltlioiig[i  they  are  clai^silied  in 

ither  groups  owing  to  their  |K)3i*esHiug  other  2>n)perties  which  are  not 

hared  by   the  oils.     Among  these   may  be  mentioned  e&pccially  the 
preparations  nf  chlorofi>rm  (nqua,  emnlsiim,  r;piritusj  linimentum),  the 

imple  and  oom|Knind  spirits  of  ether,  and  acetic  ether.    Tliese  are  used 
largely  for  the  same  purposes  as  the  volatile  oil  preparations,  and  when 

dministeretl  iu  niodenite  qiiantitiea  do  not  t^iise  any  further  etVeets., 
The  prcfjaratinns  nf  alcohol  Icndwn  as  spirits,  or  liqueurs,  or  csseures, 

•iDtuin  volatile  oils — t'uniroa,  riierrywater  (Kirchwasser),  Kummel, 
K=*ence  of  Mint,  ete.  —  an<I   the  siinijler   spirits.  Brandy,  AVhiskey, 

turn.  Gin,  and   the   wines  contain   bodies  known  as  oiuanthic  ethers, 

dnch  probably  act  in  a  similar  way. 
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2.    Pepper  Oroup. 

Several  drugs  which  act  as  carminatives  like  the  volatile  oils,  but  which 
differ  ttota  them  in  the  nature  of  their  active  constituents,  may  be  mentioned 
here. 

Black  Pepper  contains  a  weakly  basic  substance,  Piperine  (which  is  broken 
up  by  caustic  alkalies  into  Piperidine  and  Piperinic  acid),  in  addition  to  a 
volatile  oil  and  a  bitter  pungent  resin.  According  to  Buchheim  a  second 
base,  Oiavicine,  also  exists  in  it  and  can  be  decomposed  into  Piperidine  and 
Chavidc  acid.  Piperine  is  insoluble  in  water,  and  has  therefore  no  taste 
when  absolutely  pure,  but  is  hot  and  pungent  to  the  taste  when  it  is  taken  in 
solution. 

Fyrethrum,  or  pellitory,  contains  similar  constituents,  volatile  oil,  resin 
and  Pyrethrinc,  which  is  decompiled  into  Piperidine  and  Pyrethric  acid 
(Buchheim). 

The  unstable  alkaloid,  Sedine,  of  Sedum  acre  (biting  stonecrop),  resembles 
the  pepper  alkaloids  in  its  effects,  but  has  not  been  accurately  examined  as 
yet. 

OapBicnmi  or  Cayenne  pepper,  contains  a  number  of  ill-defined,  non-vola- 
tile bodies,  which  have  been  termed  Capaicol,  Capsaicin,  Capsicin,  etc.,  but 
of  which  little  or  nothing  is  known  accurately.  As  it  has  no  volatile  oil,  it 
differs  entirely  ih)m  the  other  members  of  the  series,  but  it  acts  similarly  in 
the  stomach,  and  is  used  frequently  as  an  irritating  carminative. 

Ginger  might  also  be  included  here,  as  it  owes  its  pungency  in  part  to  the 
presence  of  a  resin  along  with  the  volatile  oil. 

The  volatile  oils  derived  from  the  Cruciferse  differ  from  the  others  in  con- 
taining sulphur,  and  in  possessing  a  much  more  irritating  action.  Thus  the 
volatile  oil  of  mustard  might  be  treated  of  along  with  the  peppers  rather 
than  with  the  other  volatile  carminatives,  but  mustard  is  used  in  medicine 
only  as  a  skin  irritant,  and  will  be  taken  up  in  that  connection  (see  page  89). 
The  horseradish  (Armoracia,  B.  P.)  and  the  formerly  official  scurvy-grass 
(Cochlearia  ofiicinalis)  are  used  as  carminatives,  and  owe  their  activity  to 
their  containing  similar  or  identical  sulphur  compounds. 

These  drugs  differ  from  the  volatile  oils  only  in  being  more  irritant  when 
applied  to  the  skin  and  alimentary  canal.  The  absorption  of  large  quanti- 
ties has  led  to  inflammatiou  of  the  kidney  in  some  instances. 

Pepper  and  capsicum  are  largely  used  as  condiments,  and  are  compara- 
tively seldom  prescribed  in  therapeutics.  Both  are  used  in  domestic  medi- 
cine as  skin  irritants,  and  capsicum  is  prescribed  where  a  strong  stomachic 
irritant  is  required.  The  tincture  has  been  employed  in  chronic  alcoholism 
in  order  to  provide  a  substitute  for  the  local  irritant  effects  of  spirits  in  the 
stomach.  Ginger  preparations  are  added  to  other  remedies  as  flavoring 
agents,  the  syrup  being  generally  used,  and  they  are  also  among  the  best  of 
the  carminatives.  The  lozenges  are  prescribed  in  chronic  inflammatory  con- 
ditions of  the  pharynx  and  larynx,  Pyrethrum  is  rarely  employed.  Piper- 
ine has  been  advised  in  malaria  as  a  substitute  for,  or  adjuvant  to  quinine, 
but  has  fallen  into  disuse.  Pepper  has  been  administered  internally  as  a 
genito-urinary  disinfectant  and  stimulant. 

Preparations. 

Piper  (U.  S.  P.),  Piper  Nigrum  (B.  P.),  black  pepper,  the  unripe  fruit  of 
Piper  Nigrum. 

Oleoresina  Piperis  (U.  S.  P.),  0.03-0.1  c.c.  (J-2  mins.). 

Pipennum  (U.  S.  P.),  0.1-0.5  G.    (2-3  grs.). 

Confectio  Piperhi  (B.  P.),  60-120  grs. 

Pyrethrum  (U.  S.  P.),  Pyrethri  Radix  (B.  P.),  pellitory,  the  root  of  Ana- 
cyclua  Pyrethum. 

Tindura  PyrethH  (U.  S.  P.,  B.  P.). 
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Zingiber  (U.  P.  P.,  B.  P.),  ginger,  the  rhixnme  of  Zingiber  offit^'innle. 
S^/cupuA  Zin^lihn-iM  ( U.  8.  P.,  B.  K),  4-8  c.c.  (1-2  tf,  dh«.). 
n»/7«r«  Xiiojibrn*  (U.  .S.  P.,  B.  P.).  2-4  L'.c.  {\-i  H.  dr.J. 
J-Utrnctum  Zintjiitrri*  Fiuidnm  (IT.  8.  Pj,  (1.5-1  c.c.  (5-16  mina.). 
tt/nn-rftMt  Xini/iUru  {V .  ^^.   P.),   O.O.VO.  1  C.C.   (1-2  minfl.). 

Caplieam,    Oivt'ime    I'^'I'Ikt,    cUUlifs,   the    fmit    uf    t'ujif*ii-uiii    rtu^ti^atum 
4U.  ^'  P  ;;  Capsici  FructUS,  the  dried  fruit  of  L'aiwicuiii  iiiiniuiiuu  (B.  P.  j. 

7\nrfurn  Oi^fri  (IT.  S.  P.,  B.  P.),  1-2  c.  c  ( I r>-30  mins.). 

Olr'frr*in4t  r.i/«riW(U.  S.  P.),  O.Ol-U.05  C.C.  (J-l  min.). 

nnidfj-tntctum  C^pnin  (U.  8.  P,),  0.03-0.1  c-c.  (J-2  niina.). 

Emphvttrum  Captiici  (U.  S.  P.). 

f'nfjur-ntitm  f.\jpiiiri  (B.  P.). 

Armor&cue  Radix  ^B.  P.),  hon^mdifth  root,  the  fre«h  root  of  Cocbleuria 
Armuruciit. 

^ritu^i  Armoraciv  Qmpo>ntu9  (B.  P.),  1-2  fl.  dra.     (See  p.  68.) 
iper  Methisticum,  or  Kavu  Kava,  is  uai'd  in  the  South  Sen  Isliindst  (o 

^Kir.'  all   iiitoxiraTin):;  liquor,  which  acwirdiuju;  to  Kesteven,  diHers  fi-om 
Ui«  •   iirepunition.s  iu  jtroducing  mnrketi  musculnr  weakness  without 

all'  •■  niontal  powers.     Other  observers  state,  however,  that  it  causes 

ounfu:!noQ  and  Bleep  very  much  att  alcohol  doe.s.  ltt«  local  action  renenihles 
tkftl  of  pc*p]>cr,  and  like  it.  it  has  been  advised  iu  gonorrbtKa.  lis  virtues 
Meta  to  rreide  in  two  resinous  bodies. 


BlBLIOORAPHT. 

iH.      An4i.  f.  erp.  Path.  n.  Pharm.,  v.,  p.  465. 
jjfai^     Ibid.*  xsir..  jk  3I<\ 
■Boj^i^     Ibid.^ix..  p.  117. 
XiriMi.     Preetititmer,  xxviii..  p.  199. 
/ma.     Berlin,  klin.  Woch.,  1886,  p.  7. 
C^ao.     Tberapeut.  Gazelle,  1801,  p.  7. 

3.   Malodorous  Volatile  Oils. 

Some  of  the  volatile  oils  differ  from  the  others  in  possessing  an  odor 
which  i«  disagreeable  and  nauseating  to  mo.ft  [icople,  although  not  to 
»il.  Tbc  best  known  of  these  arc  the  OUs  of  A»ajhtida  imd  I  'alerinn. 
Tw  fonoor  occurs  along  with  re3*inH  and  giiniK  exu<ling  from  some 
*P*(>n  uf  Fcmla,  and  contains  several  organic  sulphur  oom|>outuU,  to 
•bichilowes  its  odor.  Oil  of  Valerian,'  from  Valermiui  officinalis, 
i«  almi-jii  without  o<lor  when  freshly  distilled,  hut  when  kept  for  8ome 
timtaad  export-*!  to  the  air,  it  aawmea  a  s^^mewhat  unpleasant,  pene- 
('X'l^f odor.  It  eontnins  two  ter|>ene8,  borneo-camphor,  and  numer- 
<**»"«tW9  of  formic,  acetic  and  valerianic  acid.  While  both  of  these 
*'■-  an?  generally  regarded  as  possessing  very  unpleasant  odors,  asa- 
^■' t  lb  U  M?ed  in  India  as  a  CN>ndin]cnt,  and  valerian  w:is  formerly  iwed 
in  Kut^land  a^  a  fierfiime.  Another  species  of  Ferula  which  is  in- 
j*ted  in  the  phnrraacnpceias,  but  of  which  little  is  known,  is  Humbul^ 
tTHK  of  Ferula  Sumbul.  It  has  a  strong  musk-like  odor,  and  is 
iHimrs  Qsefl  to  axhilterate  ma^k. 

"^u^iiia  and  valerian  are  used  in   hysterical  afftHrtionn,  and  the 
its  aoeniing  from   their  administration   have  generally  l>een  at- 
to  tbe  mental   impression   produced  by  their  unpleasant  odor 
tHtey  and  not  to  any  action  they  produce  aAer  ab^rption« 
*  Sittnia,  Tb«w  dc  G«nrrr.  181^. 
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llut  Kioiika*  states  that  valerian,  in  small  doses,  has  a  definite 
HtinuiliUiiijj  action  on  the  psychical  functions  and  the  circulation,  and 
that  til  is  is  due  to  the  presence  of  certain  valerianic  esters  in  the  oil. 
Some  artificial  compounds  ( Valyl)  possessing  similar  properties  have 
also  lH»cn  formed.  The  ordinary  valerianic  salts  have  no  further 
efUt^ts  than  other  salts  of  the  acetic  acid  series,  so  that  it  is  quite  irra- 
tional to  use  such  bodies  as  valerianate  of  quinine  for  their  action  in 
hysteria, 

Asafditida  is  also  used  like  the  other  volatile  oils  as  a  carminative 
and  OS  an  expectorant,  and  the  emulsion  is  given  by  the  mouth  or  in 
an  enema  to  relieve  abdominal  distention. 

Preparations. 

As&foBtida  (U.  S.  P.),  a  mixture  of  volatile  oil,  gum,  and  resin  from  Ferula 
fivtitln. 

KmttUntm  Attafatidse^  15-30  c.c.  ()-l  fl.  oz.). 

IHlutw  Awifwtidvey  1-8  pills. 

T^ndHri}  A»<\f(fHfhr^  1-2  c.c.  (16-80  mins.). 

Asafetida  (li.  P.)*  &  gum-resin  obtained  from  the  root  of  Ferula  foetida  and 
pnihnhlv  other  siwcies. 

7V«f/Hm  AmfrtitUT,  \~\  fl.  dr. 

IHluta  Ahfn  ft  Aw/etidtiTy  4-8  grs. 

7V/«/a  Galbani  OmpotiiOj  4-8  gra. 

Spiritus  Ammonitv  FetidM^  20-40  mins.  for  repeated  administration  ;  for  a 
sin^lo  adniini^tnition  60-90  mins. 

Valeriana  (U.  S.  P.),  Valeriaiia  Kadix  (B.  P.),  valerian,  the  rhizome  and 
roi>t8  of  Vivloriaiia  oflicinulis. 

Ftuufrxtmrfum  Vatrnnntr  (V,  S.  P.),  2-4  c.c,  (J-1  fl.  dr.). 

riW/«r.i   Vn/rri'Wtr  {V.  S.  P.),  5-10    cc.  (1-3  fl.  drs.). 

TinrtHru  Votrritimr  Ammonioia  (V.  S.  P.),  5-10  c,a  (1-3  fl.  drs.). 

7Vi#r/Mr(t  I'd/mrtwr  Ammoniafa  (B.  P.),  J-1  fl.  dr. 

Sumbol  {V.  S.  P.),  Sumbul  Radix  (B.  P.),  the  root  of  Fenila  SumboL 

Ax/mr^w  Sttmbut  {X\  S.  P.),  0.25  G.  (4  grs.). 

hlHt'fifjrfntrtHm  i^imbnt  {\\  S.  P.).  2  c.c,  (30  mins.). 

7Vn(y«m  .'^«ii*W(a  P.),  i-1  fl.  dr. 

4.  Volatile  Oils  Used  as  Qeniio-iuiiiary  Dislnfectaats. 

Another  gnnip  of  volatile  oils  is  used  chiefl.y  for  genito-urinary  dis- 
inftx^tion.  Tlio  liest  known  of  these  are  the  Oii*  of  Copaiba^  Cubebeand 
S*in(hlH\HMi,  which  rtsomble  each  other  closely  in  character.  Oil  of 
ouIh4>s  and  oil  K^^f  oi^jiaiba  cinuaiu  a  large  proportion  of  sesquiterpene 
(^(Yvll.,^«  and  the  oil  of  sandal wixnl  has  two  oxidized  substances  (san- 
txdol  and  sanialaH.  whioli  c;in  Ih*  reduoeii  to  a  sesquiterpene  identical 
wiili  that  xA"^  \\^\Kx\\x\,  In  o\-»jiail«  the  volatile  oil  is  associated  with 
iwe  or  mon^  rvsiuous  aoiiis,  and  in  oulvbs  there  is  in  addition  to  resi- 
ihMis  aoids  a  bitter  snl^taniw  i\Min,  which  i*  not  al^sort^ed  from  the 
siomaoh  ati\l  Knvol.  howevor.  and  i?;  eniirvly  inactive,  Cubehs  and 
CK>|ittilv«  Iwvo  lonsr  Invn  m?<^1  a>  cv^nit*^nrinar\-  disinftvtant^,  while 
i^cuHlalwooil  oil  is  a  nu^rv^  nwnt  SvidititMi  to  the  group,  which  is  less 

'  An:ii.  In'.cn-uiu  .W  Ph»nivJio>,xlTn..  siiL  jv  -1\ 
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iblc  to  take  and  has  leas  tendency  to  dihliirl*  the  digestion,* 
le  Olid  have  the  ordinary  effects  on  the  skin,  stomach  and  intestine, 
ftitr  abeoHxnl,  and  are  excreted  partly  l>y  the  Inngs,  but  chietiy  by  the 
kidneys  in  ci>nil>inution  with  glycuronic  aeid  ;  some  oil  is  unchanged, 
wmie  is  purtially  oxidized  in  the  tissues. 

The  products  of  the  oils  excreted  in  the  urine  appear  to  have  some 
nntisoptJo  action,  I'or  the  urine  of  persons  treated  with  them  putrefies 
«k>wly  than  ordinary  urine  and  the  growth  of  many  of  the  more 
ion  germs  is  somewhat  retarded  by  it.  On  the  other  hand  there 
le  question  as  to  how  far  it  is  destructive  to  the  gonoooccus, 
^fiomettme^  grows  n*adily  in  culture  media  made  up  with  such 
urine  Instead  of  water.  Winternitz  therefore  attributes  the  undoubted 
therapeutic  eflicjiry  of  these  oils  to  their  lessening  the  inflammatory 
(Sodfttr  nither  than  to  their  antiseptic  action,  without  denying  that  the 
latter  may  also  he  of  some  importance.  In  large  quantities,  these 
oiUouse  irritation  in  the  bladder  and  urethra,  which  leads  lo  a  con- 
8Unt  desire  to  micturate,  and  to  much  [win  and  tlifficulty  in  doing  so; 
ulimes  the  pain  is  so  great  as  to  lead  to  complete  retention.  AVhen 
iirctlirj  or  bladder  is  in  a  state  of  inflammation,  these  symptoms 
BTp  pHMini-eil  by  even  small  doses,  so  that  these  oils  are  generally 
avoided  in  the  acute  stages  of  inflammation,  and  only  given  later  when 
the  disease  has  passeti  into  the  subacute  or  chronic  stage.  They  are 
Vfd  in  stmie  inflammatory  affections  of  tlie  bladder,  but  much  more 
tpn:*ivcly  in  gtmorrha-a. 

Copaiha  anti  cubebs  Iwtli  cx)ntain  resinous  acids  in  addition  to  the 
Vnltttile  oil,  and  these  possess  considerable  diuretic  powers,  and  are 
>lw  creditwl,  along  with  the  oils,  with  some  action  on  the  bronchial 
niuoouH  membrane,  so  that  tliey  often   form  constituents  of  "  expec- 
irtTint"  mixtures,  pi-escribcil  to  lessen  the  secretion  of  the  bronchi. 
Tlw^H'  rvsins  are  exeretctl  in  the  urine,  and  are  precipitated  by  the  ad- 
diliftii  of  aci<ls ;  when  the  nitric  acid  tests  for  albumin  are  employed 
•fWr  copailui,  a  precipitate  is  accordingly  obtained,  and  may  be  mis- 
t»i!wi  flir  albumin,  but  can  easily  be  distinguished  from  it  by  the  addi- 
tion of  aIociIioI,  which  retlissolvcs  the  resin  but  not  the  proteid.     The 
"riar  is  often  foun<J  to  re<lucc  Fehling's  solution,  in  some  cases  ap- 
pMcDtly  frt>m  the  pres<'nce  of  sugar,  in  otliers  from  the  glycunmic  acid 
cQinlMned   with   the   oil.      The  oil   of  sandalwoixl    is  excreted    more 
rtpidly  than  the  others.     Copaiba  and  (Milx-bs  are  less  irritant  to  the 
rtofiiarh  than  many  of  the  other  volaiih*  oils,  but  after  their  prolonged 
iilministration  (ej^|)ecially  in  the  euse  of  copaiba)  symptoms  of  gastric 
irboncc  sometimes  appear  in  loss  of  appetite  and  uneasiness  in  the 
ich.     Sandalwood  oil  is  said  to  be  less  irritant  than  the  others, 
LMionally  skin  eruptions  m-cur  after  the  use  of  these  oils  ;  they  are 
j^vnrrally  of  the  nature  of  urticaria,  sometimes  of  erythema  nodostmi, 
tnd  only  very  rarely  is  eczema  seen.     The  cause  of  these  akin  enip- 
tion«  is  unknown,  but  they  may  be  due  to  the  gastric  disturbance. 

^TVf  M<^1  •.•^nitrvurinnrv  disinfcctnnt  nt  this  wriw  oupht  U»  he  well  bonie  by  the 
nnrf  oiitrhi  in  l»e  excreiwl  inninly  by  thi'  kidiK'VK  in  a  fairly  •tiron^ 
Ivcunjiiii;  ncid.  k»,  if  tJie  luttcr  ih  emilv  split  oS  in  the  uriue,  it  is 
ui  9€\  WH  II  tuUure  lOfdium  for  bact«cu.     (8cbmiedcl>erg. ) 
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Preparations. 

Copaiba  (U.  S.  P.,  B.  P.),  Balsam  of  Copaiba,  Copaiva,  the  oleoreain  of 
Copan)a  lADgsdorffii  and  of  other  species  of  Copaifera.  Dose,  0.5-1.3  c.c 
(10-20  mins.);  B.  P.,  i-1  fl,  dr. 

Oleum  Copaiba  (U.  S.  P.,  B.  P.),  the  oil  freed  from  the  resin  by  distillar 
tion,  0.6-1  c.c.  (10-15  mins.). 

Cttbeba  (U.  S.  P.),  Cubebae  Fructus  (B.  P.),  Cubebs,  the  unripe  fruit  of 
Piper  Cubeba,  2-8  G.  (30^120  grs.)  in  powder. 

Fluidtxtracium  Oubeba;  (U.  S.  P.),  0.5-2  c.c.  (10-30  mins.). 

OLEORE8INA  CuBEB^  (U.  S.  P.),  0.5-1  C.C.  (10-15  mius.). 

Tinctura  Cubebft  (B.  P.),  4-8  c.c.  (1-2  fl.  drs.). 

Oleum  Cubeba  (U.  8.  P.,  B.  P.),  0.5-1  c  c.  (10-15  mina.). 

Trockisci  Cubebse  (U   S.  P.). 

Oleum  Santali  (U.  S.  P.,  B.  P.),  Sandalwood  oil,  distilled  from  the  wood 
of  Santalum  Album,     Dose,  0.5-1  c.c.  (10-15  mins.). 

Therapeutic  Uses. — As  has  been  mentioned^  these  drugs  find  their 
most  extensive  application  in  the  subacute  stages  of  cystitis  and  gonor- 
rhcea.*  They  are  also  used  in  bronchial  disease  with  an  excessive  flow 
of  mucopurulent  secretion  ;  less  often  copaiba  is  prescribed  along  with 
other  diuretics  to  promote  the  secretion  of  urine.  The  cubeb  lozenges 
are  sucked  in  hoarseness  and  relaxed  sore  throat,  and  often  give  relief 
owing  to  the  pungent  stimulating  action. 

In  gonorrhoea  the  therapeutic  agent  is  undoubtedly  the  volatile  oil, 
the  resin  having  little  or  no  antiseptic  action.  The  oils  and  the  oleo- 
resins  are  often  administered  in  capsules,  as  they  have  an  unpleasant 
odor  and  tast^,  especially  those  of  copaiba.  They  may  also  be  given  as 
emulsions,  and  cubebs  is  sometimes  prescribed  as  a  powder  suspended 
in  mucilage. 

Several  other  oils  have  been  used  as  substitutes  for  Copaiba  and  Cubebe. 
Among  these  may  be  mentioned  Guijun  Balsam,  which  is  obtained  Irom 
Bipterocarpus  alatus,  and  contains  a  sesquiterpene  and  a  resin.  It  has  been 
used  in  gonorrhoea  and  as  a  local  application  in  leprosy. 

Hatico,  the  dried  tops  of  Piper  angustifolium,  which  contains  a  volatile 
oil,  resin  and  acid,  has  also  been  used  in  gonorrhoea  to  some  extent. 

Its  pharmacopceial  preparation  is 

Fluidextractum  Matico  (U.  S.  P.),  1-3  c.c.  (15-45  mins.) 

Bibliography. 
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See  also  the  bibliography  of  the  volatile  oils  in  general. 

^  Other  remedies  which  hare  some  reputation  in  these  conditions  are  urotropin  and 
the  salicylic  coiupoundtt. 
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5.    Uva  Ursi  (Arbntin). 

A  number  of  drugs  which  are  used  for  almost  the  same  purpoRes  as  the 
cuWbs  stries,  but  which  do  not  all  owe  their  activity  lo  volatile  oils,  may 
lie  meiitioiied  here. 

Vta  Urai.— The  leaves  of  the  bearherry,  ArctoBt^iphylufi  ITvo-Ursi,  and  of 
ftUieil  plants  eoiituin  two  glucosidcs,  Arbutin  and  MeihyUirhulin,  along  with 
larKc  quantitiei*  of  tanninf  an  inactive  f;Iuco»ide,  Eri<H}iin,  juid  u  neutral  in- 
M.»luble  body,  I'raon.  These  glueosides  are  ilet'ompoj*ed  by  the  action  of 
or  of  emnlsiu  Into  glnrone  and  hydroqninoiie  or  methylhydroijuinone, 
of  tbi*  benzol  series.  A  |»art  of  tlie  aibntin  adminiHtered  in  thera- 
peutics seems  to  undergo  this  deoouipositiun  in  the  body,  but  most  of  it  is 
eliminated  by  the  kidneys  unchanged.  It  is  possible  that  the  small  quantity 
of  hydnxjuinone  and  methylhydroquinone  whieh  apjM^ara  in  the  urine  la 
forraecl  fr«m  arbutiu  by  the  bacteria  of  the  intestine,  and  not  by  the  activity 
of  the  liiiwues. 

Uva  urRJ  is  found  to  have  some  diuretic  action,  which  is  obviously  due  to 
its  fu'ting  on  the  renal  epithelium,  and  the  urine  is  found  lo  undergo 
putfffactiou  much  mure  slowly  than  usnal.  This  was  at  one  lime  believed 
to  be  due  to  the  formation  of  hydroquinone,  but  it  Kcems  more  likely  that 
arbutiu  it:^lf  is  a  slight  stiitiulant  to  the  renal  cell:^,  and  that  it  \^  also 
weakly  antiseptir.  It  is  Htid  unilerjch'd  how  far  the  other  runptituenls  of 
uva  urHt  are  active,  but  there  i»^  Httle  dfiubt  that  the  arbulin  and  methyl* 
arbutiu  uru  the  chief  prinriples. 

The  urine  is  often  dark  in  color  after  uva  ursi  or  arbutiMj  and  this  tint 
deep<*ns  when  it  is  allowed  to  stand  and  undergo  putrefaction.  The  color- 
ation is  due  to  the  hydroquinone,  which  is  subject  to  further  oxidation,  aud 
fornut  brownish-gn^en  pigments  similar  lo  those  seen  in  the  tiriue  after 
carbolic  :K'id  and  its  allii^.  When  decompositiou  of  the  urine  occurs  in  the 
bladder,  as  in  cystitis,  the  urine  may  have  this  dark  color  when  passed.  In 
thc9^  (&f^»  probably  less  of  the  arbutiu  escapes  uudecomponed,  but  this  ho." 
not  been  demonrstrutcd. 

Large  qimntities  of  uva  nrsi  cause  nausea,  vomiting  and  diarrhcea,  but 
Tx'win  states  that  thi»  disturbance  of  the  alimentary  canal  may  be  avoided 
by  filtering  the  watery  prupunitions  through  animal  charcoal,  or  by  admin* 

luring  the  glycosides  instead  of  the  cruder  preparations. 

Bnchn,  the  leaves  of  several  species  uf  Barosma,  contain  a  volatile  oil, 
toustJtuent  of  which  is  a  camphor  body,  Diosphmoi.  This  volatile  oil 
is  Absorbed  and  is  excreted  by  the  kidneys,  and  renders  the  urine  slightly 
«nt4fHfptic.      It  does  not  increase  the  renal  activity  appreciably. 

Pichi,  the  twigs  of  Kabiana  imbricata,  contains  a  resinous  acid,  a  gluco- 
iiide  and  truces  of  an  alkaloid,  none  of  which  have  been  satisfactorily  exam- 
ined. It  has  been  found  of  benefit  in  the  same  conditions  as  Buchu  and 
I'vA  I'rsi. 

Zea,  or  comsilk,  contains  a  resinous  acid  which  increases  the  secretion  of 
urine  by  direct  stimulation  of  the  renal  eiiithelium. 

ChimaphUa,  or  pipsissewa,  contains  a  volatile  substance,  Chimaphilin,  and 
Arbutiu,  aud  is  used  a^  a  substitute  for  Uva  ursi. 

PRKPARATIONS. 

Uva  Ursi  (V.  S,  P.),  Uvae  Ursi  Folia  (B.  P.),  the  leaves  of  Arctostaphylos 
Vvtt-ur*ii  (ltearl>erry). 

Ftm'Uxtmrtvm  fW  Ikn  (U.  S.  P.),  5-15  c.c.  (1-4  fl.  drs.). 

In/njfum  I'rtr  /■>«  {B.  P.).  A-I  fl.  uz, 

Bachn  (i;.  8.  P.),  Bachu  Folia  (B.  P.),  the  leaves  of  Barosma  betulina  and 
Bw  er\-nulHta. 

fIttifJrxtractum  Buchu  (U.  &.  P.),  S-4  c.c.  (30-00  miiia.). 
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TUeturu  Buchu  (K  P.),  J-1  6.  dr. 

Iii/wtuui  BucJiu  (B.  r.),  1-2  fl.  ot 

Zea  (U.  S.  P. ),  ciirnrdik,  the  ittyU*?  and  stignuv  of  Zea  Mays  (Indian  corn  or 
uiaize). 

Ertnu^fum  Z^r  Flnidmu  (U.  ft  P.),  6-10  C.C  (1-2  fl,  dw.). 

ChimapMlft  (U.  ti.  ]*. ),  PipBimewa,  the  leaves  of  Chimaphila  umbetlata. 

Fl'iUU.rf,nrtnm  ( 'himaphU/r  lU.  S.  P.),  2-ft  c.c.  (^-1  fl.  dr.). 

Fabiana  '.  Pichi  i,  th^*  bninohc-^  of  Fabiaiia  imbricata  (not  phannaci>[)<piAl1. 

/■ytit'lrrtrarfum  Fnftiarur,  4  c,c.  (1  fl.  dr.) 

Arbutin  has  l>een  adviseil  as  an  iu»provement  on  the  cnide  I'va  urei.  I* 
is  ^vt'H  in  doses  of  1-4  G.,  in  sweetened  solutiou. 

Therapeutic  Uses. — These  drugs  are  all  used  aft  mild  diMnfet^tAntc  of  tb^^ 
urinary  tract,  ami  are  generally  i>res('ril»ed  along  ■wilh  more  powerfii-* 
diurt-lics.  They  are  fuund  tu  give  relief  iu  catarrh  and  iutluumiutiuu  of  thi^ 
bladder. 

Bibliography  of  Uva  Ursi. 

Zcwi'n.     Virrhow'fi  Arohir,  xcii.,p.  521. 
iWrAitv.     M'iener  M^hI.  Pre»e,  18S4,  j».  398. 
A'tinJW.     Miinch.  mcd.  Woeh.,  imi,  p.  891. 

VI.     SKIN  IRRITANTS  AND  COUNTEB^IRRITATION. 

The  practice  of  applying  irritants  to  the  skin  in  internal  diseases  is 
one  of  great  antiquity.  The  theories  on  whioh  this  thempeutio  method 
is  based  have  changed  witli  the  advance  of  medical  luiowledjrt?,  until, 
no  explanation  satisfactory  to  modern  scepticism  being  forthcomiug, 
the  nse  of  these  rpmedify*  has  fallen  into  a  certain  disrepute  in  the 
last  few  years.  The  old  theory  of  revulsion  or  derivation  was  at  first 
based  on  the  belief  that  disease  was  a  malignant  entity  or  humor, 
which  might  be  drawn  from  the  dc»eper  organs  to  the  surface  bv  means 
of  irritation  of  the  akin.  Later,  it  was  sup|M»setl  tliat  the  congestion 
of  the  diseased  organs  might  bo  relieved  by  the  withdrawal  of  fluid  to 
the  skin,  and  this  belief  has  l>een  held  in  more  or  less  moditicd  forms 
iu  quite  modern  times.  In  addition,  it  was  rec<»gnized  very  early  that 
irritation  of  the  skin  relievcfl  pain  in  many  instances.  The  meaas  by 
which  the  skin  irritation  was  attaineil,  were  extivmely  numerous  and 
varied  ;  large  numbers  of  drugis  liave  been  u:ie<l,  and  in  addition  me- 
chanical devices  of  all  kinds  were  employed,  such  as  burning,  electri- 
cal currents^  or  the  intniduction  of  setons.  In  many  of  these  the  idea 
of  irritation  was  combined  with  that  of  leaving  a  way  of  escajw  for 
humors.  This  latter  i.s  only  nf  historical  interest,  but  the  practice  of 
relieving  internal  organs  hy  external  irritation  or  connter-irntation  per- 
sists stiil,  and  perhaps  merits  more  attention  than  it  receives  at  the 
hands  of  many  physicians. 

The  eflccts  of  an  irritant  applied  to  the  skin  are  local  and  remote. 
The  first  symptoms  of  irritation  are  ctjugcstion  and  re<lness  of  the  * 
jMirt,  and  many  drugs  which  prtMlua*  only  this  degree  of  irritation  in 
ordinary  circumstances,  arc  known  us  JitJ.Kjiirientff.  Stronger  irritants 
cause  blistering,  and  are  calle<l  ]%wnit/jij  while  some  drugs  which 
cause  irritation  and  small  discrete  suppunitions,  receive  the  name  of 
PugluUints, 
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Local  Symptomji. — The  applicutiou  of  an  irritant  to  tbi*  skin  (.tiii^tes 
feelinij  of  warmth,  and  often  of  itching,  which   may   hitor  hccome 
tensifit'd  into  actual  pain.     The  skin  becomes  retl,  cungestcJ,  warm, 
h]  at  6r5t  is  more  sensitive  to  toucli  and  painful  stimuli,  though  the 
sitivene.ss  is  afterwards  Icsseno<l.     This  condition   persists  for  a 
ger  or  shorter  time  according  to  the  nature  of  the  irritant,  and  then 
w^c:?  off  slowly.     Very  often  desquamation  follows,  if  the  nihcfaoient 
artc<J  for  dome  lengtli  of  time.     Stronger  irritation  is  folh>\vcd  at 
C  !>y  the  same  results,  but  soou  small  globules  of  fluid  np[>ear  below 
epidermi?t,  and  these  coalesce  so  as  to  form  a  large  accnniulation 
fluid,  which  raisi'S  the  epidermis  completely  citf  the  true  skin,  form- 

fez  blister.  If  the  irritant  be  removed,  the  fluid  of  the  blister  nn- 
toes  a  slow  absorption,  so  that  in  tlie  course  of  a  few  days  the  epi- 
■Tuis  forms  au  empty  sack,  which,  however,  is  not  oblitorate<l  by  the 
licsion  of  the  walls.  If  the  blister  l)e  opened,  the  sensitive  dermis 
<?3cpc»e<l,  and  the  secretion  nf  fluid  continues  for  some  time,  until  a 
tMT  epidermis  has  been  formed. 

The  distinct  and  separate  points  of   inflammation  caused    by  the 

Htiilauts  are  duo  to  their  alTecting  the  orifices  of  the  skin  glands  and 

t.  the  intervening  tissue.     This  has  been  ascribed  in  some  instances 

tlie  drug  l>eing  reudere*!  irritant  at  these  points  by  the  presence  of 

"cis  forme*!  by  the  decomposition  nf  tlie  sebum  and  pcrspinition  ;  a 

pier  explanation  is  that  the  pnstulants  cannot  pass  through  the 

riiy  epidermis,  bnt  act  as  irritants  wherever  they  come  in  contact 

ilh  living  tissue,  that  is,  at  the  orifices  of  the  glands.     They  cause 

tiio  *sime  sensation  of  warmth  and  prickling  of  the  skin  a.s  the  other 

uritants,  but  even  in  the  earlier  stages  of  their  action  small,  dark-red, 

riifiwl  points  are  observe*!,  exactly  as  in  some  of  the  exanthemata,  and 

these  afterwards  form  small  abscesses.     If  the  application  be  persisted 

>Ui these  dis^:'rete  abscesses  may  burst  through  the  intervening  tissues 

wiu  become  confluent,  and  large  abscesses  have  tlius  Ikvii  foinicd  in 

the  «kiM.     When  the  irritant  is  removed  before  the  formation  of  pus, 

*W  iiirtammatiou  of  the  ducts  slowly  8ul:)side»  and  the  epiitcniiis  pixels 

off  4<  after  the  milder  irritants.     Pusttilants  are  seldom   rmplovwl  at 

'I'*' [irc^-nt  time;  croton   oil  applictl  vtgonmsly  may   induce  pustula- 

**",  Hnd  tiirtar  emetic  was  formerly  largi-ly  ustnl  for  this  pitqiose. 

The  IfH'al  elVects  of  the  ruljcfacient.H  an<l  vesicants  arc  ideiitical  with 
^Wof  acute  inflammation.  The  pain  and  discomfort  are  due  to  the 
****Jt>n  on  the  nerve  terminations,  while  the  redness  and  swelling  be- 
^y  tlie  local  dilatation  of  the  vessels.  This  latter  is  perhaps  due  to 
"^'-•(lirpcl  effect  of  the  irritant  on  the  vessel  walls,  rather  than  to  any 
'^jiCTt  action  from  the  irritation  of  the  sensory  nerves,  but  it  cannot  be 
**•"!  to  Ik*  known  how  far  this  latter  agency  is  involved  in  the  result. 
^*^(iiIatation  of  the  vessels  and  the  slowing  of  the  blood  current  in 
"''■III  lead  to  the  tmnsudation  of  fluid  and  leueocytis  into  the  tissues, 
"^pccijilly  at  the  ])oints  where  the  irritation  is  greatest,  and  the  accn- 
"^ilittion  eventually  pusluw  otf  the  horny  cpiilcnnal  laytr  from  the 
living  lavers  and  forms  a  blister.     The  fluid  in  the  blister  has  been 
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Bhown  to  contain  some  of  the  irritant,  which  diffuses  into  it  through 
the  epidermis.  The  oedema  and  swelling  is  not  confined  to  the  skin, 
but  extends  into  the  subcutaneous  tissue  and  the  more  superficial  layers 
of  muscle. 

If  the  irritation  be  continued  long  enough,  suppuration  may  oom- 
meuce  in  the  blister  and  lead  to  deep  erosion  of  the  tissues. 

Bemote  Action. — Local  irritation  cannot  exist  without  causing  cer- 
tain general  changes  which  affect  the  whole  organism.  These  arise 
from  the  reflex  stimulation  of  various  centres  in  the  medulla  oblongata, 
and  are  thought  to  explain  many  of  the  beneficial  effects  of  counter- 
irritation.  The  centres  involved  are  those  regulating  the  heart,  the 
tone  of  the  vessels,  and  the  respiration.  Moderate  irritation  of  the 
skin  causes  an  acceleration  of  the  heart-rhythm,  which  has  not  been 
satisfactorily  explained,  while  more  powerful  irritation  slows  the  heart 
through  the  inhibitory  centre.  The  blood-pressure  measured  in  the 
arteries  is  considerably  increased  by  ordinary  irritation  of  the  skin, 
but  if  it  be  very  severe  or  widespread,  the  slowness  of  the  pulse  may 
cause  a  fall  of  tension.  This  increase  in  the  blood-pressure  is  due  to 
the  reflex  stimulation  of  the  vasomotor  centre,  which  causes  a  constric- 
tion of  the  arterioles  over  wide  areas  of  the  body.  The  constriction 
is  not  general,  however,  but  seems  to  affect  the  abdominal  organs 
chiefly,  while  the  vessels  of  the  limbs  and  probably  those  of  the  skin 
are  not  contracted.  The  result  is  that  while  the  blood-pressure  is 
raised  equally  throughout  the  body,  the  resistance  to  the  circulation  is 
greater  in  the  abdominal  organs  than  in  the  rest  of  the  body,  and  more 
blood  is  accordingly  supplied  to  the  muscles  and  skin  and  less  to  the 
internal  organs  than  normally. 

The  effects  of  skin  irritation  on  the  respiration  are  less  uniform.  In 
the  rabbit  the  breathing  is  sometimes  accelerated,  sometimes  slowed  by 
mild  stimulation,  while  stronger  stimuli  seem  to  slow  it  always.  The 
effect  of  the  application  of  skin  irritants  on  the  respiration  in  man  has 
not  been  observed  accurately,  but  that  sudden  stimulation  of  the  skin 
causes  gasping  ^nd  irregularity  of  the  respiration,  may  be  observed 
whenever  cold  water  comes  in  contact  with  the  more  sensitive  parts  of 
the  body. 

The  temperature  of  the  body  also  undergoes  changes  when  the  skin 
is  irritated.  "When  the  irritation  is  slight,  an  increase  in  the  rectal 
temjwrature  is  often  observed  at  first,  while  a  decrease  follows  Jater, 
but  on  |x>werful  stimulation,  the  preliminary  rise  of  temperature  is  so 
short  as  to  escape  observation  by  ordinary  methods,  while  the  subse- 
quent fall  is  more  distinct  and  prolonged.  The  skin  temperature  is 
raised  at  the  same  time  as  the  internal  temperature  falls.  The  expla- 
nation of  those  cliangos  in  the  internal  and  external  temperatures  is 
obviously  the  altered  distribution  of  the  blood,  more  of  which 
flows  through  the  skin  vessels  and  is  cooled  than  usual.  This  resalta 
in  a  fall  of  the  internal  temperature  and  a  rise  in  that  of  the  skin, 
through  the  warm  blooil  from  the  interior  of  the  body  pouring  through 
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perficial  vi'&jeL*.  Tbe  preliminary  rise  in  the  tem|ieratiire  has 
Uine*].  The  whole  subject  of  the  alteration  of  the  tem- 
peraturv  through  cojinter-irritntiou  has  perhaps  receivrd  greater  atteu- 
tioQ  than  it  deserves,  if  tlie  nhservationrt  of  Ja«»b.soo  he  correct,  for 
be  foand  the  variations  in  man  to  amount  to  less  than  one-tenth  of  a 
degree  Centigrade  as  a  general  rule. 

The  mrtulicliiiin  has  Ijeen  found  to  be  altered  by  the  application  of 
irritants  to  the  skin,  and,  although  in  the  experiments  on  wliirli  this 
statHoeot  is  based,  the  surface  exposed  to  the  irritant  was  larger  than 
that  aiTected  in  therapeutics,  it  seems  probable  that  some  change  is  pro- 
tloeed  by  the  ordinary  agents  also.     Zuntz  and  Uohrig  found  that  bath- 
hip  aninul.'^  in  Mn»ng  salt  solution  inerease<l  tlie  oxygen  al>sorbe<l  and 
the  <arbrtnic  acid  excreted  much  more  than  bathing  in  ordinary  water, 
mkI  Psalzow  obtatneil  the  same  result  from  the  application  of  raustJird 
plai&er.     Tbe  nitrogen  of  the  urine  is  also  said  to  be  increased.     This 
iiMWW  in  tl>e  oxidation  of  the  ti.ssues  is  of  the  same  nature  as  that  pro- 
dsecd  br  cold,  and  is  due  to  an  augmentation  of  the  muscular  activity, 
tfcirh,  however,  b  loo  flight  to  cause  any  perceptible  uovcment. 

Irritition  of  the  skin  induces  leticocj'tosis  in  the  same  way  as  irrita- 
tiofl  of  the  alimentani'  canal.  This  is  especially  evident  after  the 
ipplication  of  a  vesicant  such  as  cantharidc^  plaster,  while  rul>e<action 
noH  lo  have  Was  eflect.  The  injecti<m  of  irritants  into  the  subcutane- 
w  tifliuts   induces  a   leucocytosis   similar   to   that  following   can- 

WIt,  in  considering  the  effects  of  skin  irritation  on  the  general 
Ylfiriitjri  it  tsmj  be  mentioned  that  a  sudden  appli<-ation  may  awake  the 
^iHmncss,  as  is  seen  in  tlie  effects  of  da.stiiug  cold  water  on  the 
flhrvl^iir  of  inking  the  hands  in  narcotic  poisoning.  Another  example 
tf  KOI  in  the  improves]  mental  condition  so  often  ol>served  in  fever 
pB^ralB  tmted  with  cold  baths.  This  improvement  is  due  to  the 
<iiam  iatbe  >kin,  anil  not,  as  is  often  said,  to  tbe  fall  in  temperature, 
i         wQtt  latter  is  often  insignincaut. 

AS  of  these  eflerts  are  produced  by  irritation  at  any  point  of  the 

L     MHfare,  aod  are  <)aite  insufficient  to  explain  the  practical  use  of  counier- 

H    nHtonts  to  a0»i  a  particular  orpin.     For  example,  in  gastric  disor- 

"     *  ■  Mutant  is  often  applied  just  over  the  ensiform  cartilage, 

*  •  uralgia  a  blister  behind  the  ear  often  gives  relief.      If 

iW  bracAdal  rrstiltf^  were  due  to  the  general  alteration  of  tlie  circula- 

t    inspiration,  or  temperature,  there  would  be  no  reason  to  varr  the 
pint  ni  application,  (or  the  effect  would   not  var>-.     Zuelzer,  there- 
"i^itlenipted  to  aiM.xrrtain  whether  tbe  deeper  tissues  and  the  interna] 
^^m  were  affrctt^   by  siiperBctal   irritation  over  them,  and  found 
wt  when  nmhiridwi  vas  applied  to  one  side  of  a  rabbit's  back 
(r  feortem  dsj*,  tbe  sQprrfictal  muscles  under  it  were  coK^:ested, 
Wc  the  deeper  layers  and  tbe  lung  were  aniemic  when  compared 
CMrrcspooding  part?  on  tbe  other  side.     His  treatment,  how- 
wie  and  suppuration,  so  tliat  his  oooolii'^iom^  are  not 
I.A£arod-Bariow  and  Philipps  observed  recently  that 
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the  uiu.scIeH  on  the  rtame  .side  a.-^,  but  at  iM)m<*  <]istan(H*  from  a  blLrterf 
were  of  higher  specific  gravity  than  those  on  the  uninjnTed  side,  while 
those  immediately  helow  the  blister  were  of  lower  si>ect(ie  gravity,  and 
therefore  concUided  that  fluid  was  dra\\Ti  from  the  deeper  nniseleslo 
pn])ply  tlie  superfieial  nnefl.     Tliis,  hoM'ever,  evidently  re<]uire5  tlisr 
the  internal  organs  to  be  affected  nmst  be  not  only  contiguous,  but 
also  coniiniions  with  those  directly  affected,  and  offers  no  explanation 
of  the  alleged  effects  of  irritation  of  the  skin  upon  the  stomach  oi 
]ung8.     Much  light  has  been  thrown  on  the  subjeot  by  the  rcsearclif* 
of  Head,  who  found  that  in  many  cases  intenial  disease  is  aecom* 
paniod  by  a  tenderness  of  the  *«kin,  and  mappetl  out  with  care  the  skV** 
areas  corresponding  to  each  organ.     In  this  way  he  was  able  to  sha"^ 
that  a  distinct  relation  exists  Ix'twccn  irritation  of  an  internal  or^^^ 
and  tliat  part  of  the  skin  wliich  is  supplied  by  the  same  segment  C^ 
the  spinal  conl  or  brain.     Thus  in  jtainful  diseases  of  the  stomach,  Xew^ 
dernesH  is  4)rien  complained  of  in  the  skin  of  the  epigastrium,  while  » 
Gcsophagenl  stricture,  pjiin  is  often  referred  to  a  point  near  the  angle  <^^ 
the  scaptihi   and    to  another  in   the  neigh lx»rh<MMl  of  the  apex-bearf 
The  supcrlicial  |K)ints  are,  of  course,  only  connected  with  tlie  diseased 
organ   by  means  of  nerve-tibres,  but  Head^s  observations  show  that  di 
nervous  impulse  from  these  organs  d<»e8  not  pass  in  an  indeterminate 
manner  through  the  central  nervous  system,  but  has  a  distinct  tendeuej* 
to  affect  the  superficial  annis  which  arc  supplied  witli  sensory  nerved 
from  tlic  same  segment  of  th<'  cord.      It  would,  therefore,  seem  a  plaus- 
ible (h4'ory  that  an  affection  of  these  superficial  areas  may  affect  the 
corresjjondiiig  internal  organ  more  than  the  rest  of  the  body,  aiid  this 
is  exactly  wiiat  is  required  to  explain  the  beiiefit.s  (Icrived  from  the  use 
of  counter-irritants.     It    is   especially  noticeable  lliat  several  of  the. 
points  which   Head  obser\'ed   to  be  affected  by  internal  disease  are 
pre<'isely  thos^e  points   at  which  ex|H»nence   has  shown  irritation   to 
bo  most  beneficial.     (Fig.  1.)     Tlius  the  application  of  a  bli.ster  over 
the  epigastrium  has  long  been  rec*>gnized  as  a  means  of  relieving  gas- 
tric dis<irdcr».     Siinibrly  the  old  treatment  of  iritis  by  means  of  a 
blister  on  the  temple  nmy  be  justified   by  the  fact  that  Head  found 
areas  of  tenderness  on  the  temple  accompanying  this  disease. 

The  exact  nature  of  the  effects  of  counter-irritation  on  the  internal 
organs  has  not  been  ascertained,  but  it  ivonld  seem  most  probable  that 
an  alteration  in  the  calibre  of  the  vessels  and  in  the  sens(»ry  nerves  or 
their  terminations  is  ii»lucc<I.  These  alterations  may,  however,  pro- 
duce or  be  accompanie<l  by  a  distinct  altemtion  in  the  activity  of  the 
organs ;  for  example,  theiv  seems  gomi  reason  to  believe  that  in  many 
cas^  irritants  applied  to  the  abdomen  produce  evacuation  of  the  bowels. 

Besides  these  physiological  effects  of  coiintxT-irritatiou,  it  must  not 
be  forgotten  that  a  great  impression  is  produced  on  the  |Kitient,  and 
that  some  of  the  benefit  may  lie  due  to  hypnotic  suggestion. 

Therapeutic  Uses. — T^ocjil  irritants  are  apjilied  m^casionally  to  pm- 
duce  an  allenitiori  in  the  nutrition  and  blood  supply  of  the  skin  itself 
and  of  the  subcutaneous  tissues.     Thus  in  some  chmnic  inflammatory 
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^wnUitiona,  with  cffiiHioDH  into,  or  indurations  of  the  sulwutaneonH  tis- 
sues, the  improvemcut  of  the  circulation  produced  by  slight  irritation 

Fio.  1. 


^V' 


^^ 


Vf 


1^^ 


"fki  rlsM  aide  U  dlfldrd  latos«gmeDU«l)ich  coirespood  to  vom^ortbr  Nkin  iiTflf  iD  which  Head 
'111  ii....i.....„.,  f,j  inii<riml  ilispanc)!.     1.  Arcn  oT  iviiderDem  In  di«eaK«  i^f  the  liiiiif^.     'I.  Id  di»eaa«a 

.1    Id  omriiiD  dlseiiM<. 

rv  reprosfiircd  Ih*  fjolnlx  of  ai>p]icfttlon  nf  cniintiT-irritanlJi  tn  dlscj 


4,  In  diM>a.«f-  of  thi>  KhIIojiIbu  tubt-H  uiiJ  otbvr  ati|>cDd 
reprosfiifcd  in*  fjoinlx  of  ai>p]icfttlon  nf  cniintiT-irritanlJi  tn  discaxe  or 
^^cli  (i/),or  itieuvary  \C),  audofthe  utvriue  ap]>oiidages  i^V) 


the  luogs 


^^y  be  of  benefit.  An  oxamplt!  of  (his  \a  tho  treiitmont  of  nlcrrs  of 
*^^^  standing  with  irritants.  Another  cuse  in  which  a  slight  inflamnia- 
****y  attack  cauaes  very  obvious  improvement,  is  in  rorm^al  npncity, 
uich  may  lx»  removed  entirely  in  some  cases  !)y  the  iirute  influni- 
^t^torv  rcftclion  produced  by  such  irritants  as  abrin.  IVobably  a 
lilar  effect  is  proilucn?*!  on  subcntiineous  effusions,  a.H  in  briu'ses. 
le  interesting  experinienta  on  this  gubject  have  recently  been  per- 
irtne^l  by  W'echsl>er|:^,  who  induced  suppuration  in  both  hind  legs  of 
fabbite  by  the  injection  of  irritants  and  then  treated  tluMUie  leg  hy  the 
application  of  various  irritants  to  the  t^kin,  while  the  other  was  left 
'intreated  as  a  control.  He  invariably  found  the  abscess  of  the  leg 
wbjecl^d  to  treatment  less  extensive  and  showing  a  greater  tendency 
to  heal  than  the  other,  and  accounts  for  this  hy  the  anlema  induced  by 
the  skin  irritant  diluting  the  original  irritant  and  promoting  its 
nh?«)rptioD.  The  increased  bliK.Kl  f^up[>ly  leads  to  a  larger  number  of 
lHio(M;yt4w  and  more  alexine:*  anmnd  the  infliimmatinn  than  would 
otherwise  be  pi*ej<ent.     He  Ibund  that  the  absorption  of  pigments  fn>m 
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the  nibliit's  ear  wa-s  mticb  accf^erated  by  the  application  of  irrituiil,s  to 
the  skin  over  the  part,  and  cites  this  as  evidence  that  toxines  are 
removed  more  rapidly  under  similar  treatment.  For  these  purposes 
only  the  milder  irritants  are  refpured  ;  in  faet,  vesication  may  do  more 
harm  than  gtHwl.  Mild  irritation  alters  tlie  sensitiveness  of  the  sen- 
sory orj^ns  of  the  skin,  and  heat  is  often  applied  to  alleviate  pain  and 
discomfort  in  the  skin  itself.  In  other  instance^i  pain  is  increased  by 
heat^  andj  in  fact,  it  is  sometimes  applied  in  the  treatment  of  local 
ann^thesia,  with  the  object  of  rendering  the  surface  more  sensitive. 
In  many  forms  of  skin  disease,  mild  irritants  are  found  to  be  of  bene- 
6t ;  this  is  sometimes  attributed  to  their  antiseptic  action,  but  the 
slight  irritation  is  iindoubtetlly  of  some  importance, 

Connter-irritants  are  used  in  a  large  number  of  diseases,  oAen  with- 
out any  definite  idea  of  what  precise  effects  they  will  elicit,  but  merely 
because  they  have  been  found  to  give  relief  in  similar  (Conditions.  Asa 
general  rule  tliey  are  placed  over  the  alfected  organ,  and  this  corre- 
sponds fairly  in  most  cases  of  disease  of  the  trunk  with  Head's  area  of 
skin  tenderness.  In  the  head,  however,  the  segmental  arrangement 
has  been  rendered  very  irnigular  by  the  compression  in  development, 
and  counter-irritants  are  often  found  to  be  most  effective  when  placed 
at  some  distance  from  the  seat  of  pain,  p.  g,,  behind  the  ear  in  some 
forms  of  facial  neuralgia.  They  are  useil  in  acute  inflammation  of  th^ 
lungs  and  plenra,  in  gastric  disorders  accompanied  by  much  |wiiu,  in 
colic  and  in  neuralgia  and  neuritis.  Their  action  is  very  uncertain,  buO 
their  applieation  is  often  followed  by  great  relief,  more  espeeiallv  of 
pain.  They  are  also  used  occjisionally  in  shock  or  etdlapse,  not  for 
their  pffert  on  any  itidividual  org:iu,  but  to  elicit  the  reflex  alt<*ration8 
in  the  circulation  which  have  already  been  described.  A  blister  is 
ofteu  recommended  in  iiilernal  h:emorrh.ige,  and  may  very  possiblv 
lessen  the  bleeding  by  altering  the  distribution  of  the  bhK>d  in  the 
organ*t,  although  it  is  tliflicult  to  estimate  how  far  the  improvement  is 
due  to  the  remp<Iy  and  how  far  it  is  spontaneous.  In  order  to  produce 
any  marked  effect  on  internal  organs,  the  more  (wwerful  irritants  must 
be  used,  such  as  mustard  or  cjintharides.  It  is  not  neoessar)',  however, 
to  produce  actual  vesication  in  the  great  majority  of  cases.  Formerly 
blisters  were  o|>encd  and  fresh  irritants  applied  on  the  raw  surface  in 
order  to  prolong  the  effects,  but  this  treatment  was  extremely  painful* 
l>esitleH  iM'ing  liable  to  set  up  suppunititJu  m\<\  uhs'nition,  and  it  is 
very  nucstionable  whether  any  equivalent  benefit  followed. 

Counter-irritation  must  be  applied  only  with  the  greatest  caution  in 
weak,  badly  nourished,  or  very  old  |iersoQs,  as  it  may  cause  sloughing. 
In  dial)etcs,  the  tendency  to  gangrene  contraiiidicates  blistering,  and 
in  very  young  children  only  mild  irritants  are  used.  | 
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An  enonnoos  namber  of  drags  produce  irritation  of  the  »kin,  and 

It  would  be  idle  to  attempt  to  enumerate  tbem  bere.     In  many  in- 

stances,  however,  the  irritant  action  is  insignificant  in  comparison  with 

the  other  effects  prodnocdy  and  these  will,  therefore,  be  diacossed  else- 

nKere;  among  these  are  ibnnd  some  of  the  alkaloids,  the  acids  and 

ilkalies,  and  manv  other  inorganic  prerarations.     Irritation  of  the  skin 

BUT  also  be  prodooed  hj  heat  and  oold,  and  in  lact  burning  in  various 

fonns  was  f»rmerir  used  as  a  means  of  oounter-irritadon,     II«at  is 

jtill  emplored  to  caose  irritation  of  the  skin  and  subcaUneous  tl^sftuefe, 

tod  to  promote  their  arcnhuion.     Thos,  poultices  and  hot  water  com- 

pr»es  are  beneficial  in  manv  local  inflammations,  though  the  ^ame 

cffeete  mar  generallv  be  obtained  br  the  use  of  the  milder  irritants. 

TW  «€ect  oi  oold  on  the  skin  is  more  frequentlr  demoostnOed  bv 

btthiiig,  and  will  be  Ujoched  on  in  relation  to  the  antipyrine  t,eneii. 

Apart  from  those  dmgs  in  which  the  irritation  of  the  &kin  is  mentlr 
u  incident  in  a  wider  genetal  action,  there  are  a  number  of  prv'para- 
tioK  which  are  used  almost  exduavelr  for  this  purpose.  They  may 
be  (firided  into  three  clashes :  the  volatile  irritants,  =nch  as  turpentine 
«1;  tbe  mostard  series,  some  of  which  are  aWj  volatile;  and  thos^ 
vliidi  are  efther  wjo-volatile  or  only  tr>il  at  high  bemperamrvsi,  »ach 
K  cuiiharidin. 

L  The  Tipeniiac  Oil  Qnmp, 

rnder  the  voZaxile  irritants  mar  be  include  a  lar^e  noml.^iT  of  the 
<<lKfeaI  ocU  asd  many  naembeT^  of  the  nKthane  and  of  th>^  arocBatir 
Kn«s:  be:  xtarm^  the  ethereal  oils  th^^^e-  whirfa  fyjBicjv  a  low  U/Hiug 
plot,  thai  i*.  tisMHt  whirii  cioatain  a  laree  prv>fr>rt>oo  *^  tjerp^iM:.  with 
«M|)afitiT*jy  i3Ctle  oiy^si^  are  found  to  f^j'jyjji  a  n>or»  peiKtradng 
ttofn  Utta  tbt  •ocaios.  At  t^  ^ame  time,  thie  :a$te  and  f^jf  fjf  titf»«e 
*^  ■$  often  ie»  zianaMX  tbaa  :hat  of  tiae  •t^uv^tv.  «o  that  xhtj  ar^  lie-« 
wd  li  4aT.-r*  aw!  ^armsBaaxT*&.  The  t£a  derived  fi«jc&  t^  f.V«i- 
^  bare,  i-jf  tias  ;«s>r«.  l^wa  raore  «arz»-!y  a«*i  tLan  tfc*  ocLm^  i^^r 
t^  «^i!t  •-«  aW-  iada.  ahfejQzh  *eT^nu  «i»er  r«-.4adSe  pr»pAratfeo«M  are 
'^^c^raKatd  t^  Z3it  pttaraEar»:<y«a  $-jr  1^2^  pcirprji^-.  TW  artSoo  of  ti«?»e 
<^  i^  g'^-'Wy  ii  4«caier  nsfiKS  &>  tha:  v^  i£pe  ^^aeial  grvwp  <«it  p.  <;i  , 
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Terebinthina  Canadensis  (U.  H.  P.,  n.  P.),  Canadii  balsam,  a  liquid  olco- 
rp«in  (ititaiiu'd  fnun  Abies  biil.«aiii«i. 

Fix  Burgundica,  Buri^indy  Pitch  (fi.  P.),  an  oleareHin  derived  from  Abitff 
exeol-sw,  Nurway  sjiruce  tir,  containit  )<•»*»  volntile  oil  tliiin  Uirpentioe. 

Oleum  TKRKBiNTiirN^  (IF.  S.  P.,  B.  P.),  dil  .>f  tiiri»<.'iitiiic,  h  volatile  oil 
di^tilU'd  from  turpentine. 

Ofrutit  Tvrdniithiuo^  Rcctijiralum  (U.  S.  P.),  ia  formed  from  ordinaiy  <mI  of 
tuqK-ntiuc  l)y  redistillation  with  lime  water,  in  order  tn  remove  any  aeids  aod 
rcain  wliich  may  he  cont;iin<H|  in  it.  It  eonsists  of  a  mixture  of  teqvue* 
(0   il„).      Dose,  1  c.c,  (15  mins.):  a>i  an  authelminlic,  S-lo  c.c.  (2-4  fl.  drs.). 

Emtt/sum  Old  Terebinthinw  (U.  S.  P.),  4  c.c.  (1  fl.  dr.). 

lAnimenhtm  TerrhinthinfF  (V.  S.  P.,  B,  P.). 

Liuimeiiluin  Terebinthina'  Arrticum  {lA.  P.),  is  formed  by  mixing  turpentine^ « 
glacial  acetic  lu-iil  and  eam]ih(tr  liniment. 

Emitlmttrnm  Picin  (B.  P.),  pitoh  planter. 

Oleum  Pini  (B.  P.),  the  oil  distilled  from  the  fresh  leaves  of  Pinus  pnmiliS'— • 

Terebenum  (U.  S.  P.,  B.  P.),  a  liquid  formed  from  oil  of  turpentine  by  th^ 
action  of  sulphuric  uci<I.  It  consists  of  a  number  of  tcrpeues,  one  of  whict^ 
is  the  pure  substance  known  as  terebeue.  Its  odor  is  more  pleasant  thani-^ 
that  of  turpentine  oil,  which  it  <;losely  resembles  in  most  other  points. 

Terpini  Hydras  (U.  S.  P.),  terpiu  hydrate,  is  a  cryylallinc  substance 
(C,j,H,^((»H)y  ^  HjO)  derived  from  oil  of  turpentine  by  the  action  of  nitric 
acid  in  the  preaence  of  aleohol  and  water.  It  poasessea  almost  no  o*lor,  is 
insoluble  in  water,  and  melts  at  about  110"  C, 

Sabiaa  (U.  S.  P.),  the  tops  uf.Tuuiperus  subiim.  suviuc,  contains  as  its  ac- 
tive priu('iple  Ol.  Sabinte,  a  volatile  oil  which  reaemblee  that  of  turpontine 
ill  many  respect**,  but  is  not  identical  with  it. 

Oleuiu  Juniper!  (U.  S.  P.,  B.  P.),  oil  of  Juniper,  is  derived  from  the  juni- 
per berrie!"  ami  consists  mainly  of  terpenes.     Dose,  0. 03-0  2  c.c.  (i-3  mioa.], 

^piritit^  Juniprri  (U.  8.  P.,  *B.  P.),  1-4  c.c.  (15-60  mins.). 

Spiritiui  Junii>eri  Composituit  (U-  S.  P.),  4-8  c.c.  (1-2  (I.  dra.). 

In  addition  to  these  preparations  the  following  may  be  raentionetl  here  as 
possessing  similar  action  and  uses. 

Linimentum  Chhrofoi-nxi  (U.  S.  P.,  B.  P.). 

Linimentum  Camphone  (V .  8.  P.,  B.  P.). 

Linimetiium  Cftmphorn'  Ammoniaium  (B.  P.). 

Linimentum  Suponi^  (U.  S.  P.,  B.  P.),  very  slightly  irritant. 

Emplatttnim  Arnicie  (U.  S.  P.). 

Ceralam  Camphorte  (U.  S.  P.). 

Therapeutic  XJaes.—Tiirpentine  oi!  h  used  externally  as  a  rubefacient, 

and  differs  from  mustard  and  cantharklin  in  its  grc:iter  penetratinj; 
power.  It  ia  !n)t  so  irritant,  however;  it  blistera  only  after  long  appli- 
cation, and  the  vesication  pro^luced  is  very  painful  and  heals  slowly, 
from  the  v:i]»or  penetratijig  into  the  deejier  tissue:*.  It  is,  therefore, 
employed  to  prodLioc  mbefaetion  only,  anJ  ought  to  be  rcmove<i  when 
this  is  attained.  For  this  purpose  tuiv  of  the  liniments  of  the  jt^^up 
may  be  employed,  or  a  more  iuteuse  action  may  be  got  from  tlie  **  tur- 
[wmtine  stupe/*  which  is  ma<le  by  dipping  flannel  in  hot  water,  wringing 
it  dry,  and  then  dropping  warm  turpentine  oil  on  itJ  Turpentine 
preparations  are  used  especially  in  rheumatic  idrcclioiis  of  the  joints  or 
muscles,  and  in  sciatica.     The  oleoresins  may  be  formed  into  ointments, 

'  Al*^ohol  has  recently  been  applied  in  a  similar  way  in  phlegmon  and  other  fonna  of 
intliimi>iati<iii.  f^nuw?  is  soakeil  in  alitjliol  [fil>-iM»  per  cent ),  wrung  owl,  wound  naiiHl 
iho  atlected  p&rt  and  covered  with  cotton  iind  uil-cloch. 
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Ts,  and  used  i^  fed^lc  stiniuIantH  in  skin  diseases.     Turpen- 
tine oil  is  a  fairly  strong  antiseptic,  and  is  leas  irritant  than  many  of 
\\\^  more  powerful  ones.     It  is  often  inliak'd  in  Umg  diseases  sucli  as 
tuWrcnlosis  or  gangrene,  and  has  the  effect  of  lessening  the  odor  in 
the  lntt^^r;  tlie  oil  may  he  simply  allowetl  to  evaporate,  hut  is  mueh 
xw>re  efficient  when  sprayed  into  the  air.     Many  of  the  resorts  for 
pbthi^icol  patients  are  «tated  to  l>e  rendered  especially  suitable  for  the 
irt^atmrnt  of  this  disease  by  the  neighborhood  of  coniferous  forests, 
vhi«*h  arc  sapposed  to  dissipate  tlie  oik  into  the  atmosphere  ;  but  this 
i*  pfDhahly  only  un  insij^nificant  factor  in  the  treatment.     Turpentine 
oil  is  ooeasionaliy  adde*!  to  bjiths  in  order  to  cause  a  slight  general- 
itiinulatioa  of  the  skin,  which  may  be  of  benefit  in  some  skin  diseases 
iiidAlso  in  general  debility  under  certain  conditions  ;  and  pine-necdie 
baths  have  some  reputation  in  (rermauy  for  the  same  reason,  the  water 
bcin^  snpjyoscd  to  extract  the  oil. 

Internally,  turpentine  oil  is  occasionally  employed  ns  a  vermifuge, 
bulK inferior  toother  preparations  used  for  this  purp<»se.  A  few  drops 
ircuilru  added  to  purgative  eneniata  to  increase  their  efficiency.  It  has 
been  given  by  the  mouTh  in  order  to  lesficn  flatulence  and  to  disinfect 
tlie  intissUoe  in  various  diseases,  among  others,  typhoid  fever,  although 
tt^  value  here  is  disputed.  Preparations  of  turpentine  oil  and  juni{K.*r 
m>  Tt'linlkle  and  fairly  powerful  diuretitrs,  but  must  not  l>e  prescribed 
ui  irrliaiion  of  the  kidney.  The  turpentine  preparations  have  a  cer- 
!^iD  rc|.iitation  as  expectorant.^,  and  terebene  has  been  especially  ad- 
VLMtl  tor  this  jiurpo^ie ;  they  are  also  given  internally  as  pulmonary 
ilwufw^lants.  In  some  forms  of  neuralgia  their  internal  administration 
Km  b(vn  found  l)eneficial,  and  oil  of  turpentine  has  been  used  in 
iitU'nial  hi'morrhage,  but  with  doubtful  nwuits.  Old  oil  of  turp*'ntine 
nif"  fiirnierly  advocated  iu  phosphorus  poinouing,  but  this  treatment 
ba.'  ]inivwl  to  U*  vahieless. 

Alt*!;  witb  iho-i*  may  W*  mentionfd  a  «erie«  of  resins  which  hiivo  Home  («ligbt 
ii^liiin^  effect  au  Uiv  akin,  and  have  been  used  in   the  trculiueiil  ul' tikin  dU- 

««* 

leiiBft  (V.  S.  p.,  B.  P.),  re«in,  colophony,  iit  the  residue  left  after  dUtiUiiig 
'  '  I*-  itil  rrtiiii  tuqK'ntine. 

itur  (U.  8.  I».  |. 
•limr  f hmpotitum  (U.  S.  P.). 
.  R^jiwr  (IT.  s.  P.,  B.  P.),  adheaive  pliwtcr. 
'•,-"F,(M;n   Hrxirur  {K  IV). 

uiUtaiun  (B-  P'),  u  guuirMiin  nhtaiued  from  Ferula  galbnniflua  aud  prub- 
•*.»  fnun  niber  Hpeciea.     It  contains  wme  volatile  oil,  guuus  aud  rt'»iii.     Dow, 

"^*/'i  'i'lffMini  fhniftotritn  (spe  Awiftrtida). 
J^^iaomaciun  (It.  P.),  h  gumresin  obmined  fVnm  Porpma  Aininoniacuin,  mid 

lainif  a  ntiiull  i{tmntily  of  a  volutik*  oil  witb  uii  unplouMUit  odor. 
^f>i<utnim  ,iHt/Honi>tri  ri/m  fft/ilrarffi/n  (h.  I*.). 
M^,l  Ammnniiici  (  H.   P.),   j-l   fl.  oZ. 

^**iwi  LigTlum  (B.  P.).  tlir-  hfurt-wood  of  (tunincnm  officinale. 
*»***inH  (F.  S.  P.),  Gunitiri  f^rtumi  (H.  P.),  the    WHiii  oIiUuiuhI  from  Ciunia- 
«■  •flcinalc,  L-oiiUiinn  wverul  riHinoiu  ncid:*,  **ome  volatile  oiU  aikI  guaiH.      It 
bmonddxsrp  blue  hy  oxidinn^  tt^fiiti*. 
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Tinctura  Guaiaei  (U.  8.  P.),  4  cc  (1  A-  d')- 

TinHurn  Guahri  Ammoniata  (U.  S.  P.,  B.  P.),  a-4  C.C,  <i-l  fl.  dr.). 

Afhttura  O'tittittri  ( B.  P.),  \~\  fl.  ua. 

JVocAwcM*  Guaiaei  Rfmn«  (B.  P.),   each  containing:  3  grs. 

Blemi  resin  (nut  oftM*ial)  is  obUiined  I'runi  a  numlier  of  trees  of  the  onkr 
Biirsenioi'.'e.  and  cunUtine  volatile  oil  and  reains. 

I'nffuentttm  Khmi  (not  official). 

Myrrha  (U.  S.  P.,  B.  P.),  a  gnmrcsin  obtained  from  Commiphora  Myrrhn 
(IT.  S.  P.),  fr*«n  Biilsjimodendron  Myrrha  (B.  P.),  containing  a  small  nuanlUy 
of  volatile  oil. 

Tinctura  Myrrhx  (U.  S.  P.,  B.  P.),  2-4  c.c.  (J-1  fl.  dr.). 

Piluhe  Alof«  et  yfynhtr.  (U.  S.  P.,  B.  P.). 

nnctunt  Aloes  et  Myrrhw  (U.  8.  P.). 

Mi^tura  Ferri  Componita  (U.  8.  I*.). 

Many  other  resins  have  been  naed  in  therapoutifs,  but  have  been  ah«x* 
lx>ued,  a  fate  by  which  ihejie  survivors  Bcem  to  ho  thrcutcncil.     They  aX" 
occiwiunuUy  used  externally  as  mild  irritaut  ap^vlu-Htiuna  in  skin  atlection 
(Mlbuniim,  Ammoniaeum,  truaiacuin  and  Myrrh  huve  l»een  u.sed  intfrnall 
for  many  dirt'erent  jmrposes,  as  expectoranta,  diaphoretics,  diun.>tios,  aperi- " 
ents.  and  have  enjoyed  a  rcpiitalinn  in  the  treatment  of  anicuorrhu^a.     'V\k_ 
may  i)e  used  to  »u.spenil  inwiluldc  bodi<*s,  as  the  (^um  contained  causes  thei:^ 
to  form  emulsiuDH  when  water  ih  uildcd. 

n.   Mustard. 

Mustard  occurs  in  two  forniH  in  tltc  pliarmacopneias,  Black  Mustird, 
iSinapiH  nlgfUj  find  Wliitc  Mustard,  Siiiiipis  allia.  Rlack  Mustard  con- 
tains a  gliKi»sidc,  I*ofnj<Mium  Mf/i'tintd*-  or  Sinif/riu,  und  a  ferment, 
J/y;W/(,  which  decomposes  k  in  tiic  presence  of  water  iuto  dextrose, 
p*>taasiura  bisulphate  and  allyl-isosulphocyanatfi  or  volatile  oil  of 
mustard. 

Slnlxrio.  ValMUeoil. 

Volatile  oil  ofmustard  is  fonned  in  various  other  Oiieifenc  when  they  are 
mixed  with  uiiler.  Thus  Ijorseradieh  root  (Ariui)iacin.  B.  P.)  contains  it, 
while  the  allied  speeios  f'orhlejiria  offleinalis  apparently  coutuins  the  corre- 
S[K)ndia^  isobiilyl  t:otiii>ound. 

White  mustard  mntainrt  another  gludOHtde,  xShiaJhhif  which  is  also 
decom|KJsed  by  the  Mifrotin  in  the  presence  <»f  water.  The  prodiicts 
are  entirely  different,  however,  dextrose,  suljdiate  of  sinapine  (an  alka- 
loid), and  an  oil  of  mustard  coutainiug  an  aromatic  nucleus  being 
formed. 

Siaalbln.  Oil  of  MuiiUnl.  RiDRfiliip  8ii)phal^. 

Cp,h„nvsAb  =  c;h,(oij)ch,nc8+ c„n„NOjH,so,  +  c;n„o. 

The  oil  of  white  niiistard  differs  from  that  of  the  black  in  being  less 
irritant,  and  in  being  destroyed  by  heat. 

Action. — Either  of  those  oils  is  intensely  irritant  when  appliwl  to 
the  skin,  and  if  left  long  enou^rh  pri>duces  blistering,  which  is  more 
]i;iinfnl  than  tlvat  caused  by  cantharidos,  and  is  said  to  heal  less  readily. 
This  is  pnd)al>ty  due  to  the  oils  penetrating  more  deeply  into  the  tiK^ues^ 
and  thus  setting  up  more  extensive  inHammatiou.     Mustard  is  accord* 
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iDgly  08ed  only  to  tndtioc  rubefat^tioa,  and  ought  to  be  removed  before 
rtual  Wfiicwtion  mx!iii><.  M'hen  thn  oru<I*;  driig^  is  moistcntxl  and  a|>- 
plicd  W  tlu'  skin,  the  oil  is  formed  only  sluwly,  so  that  the  longer  it 
mnaiDH  applied,  the  more  intense  is  the  action.  The  ghicosidcs  in 
tlwim*lv(N  have  little  or  no  action,  and  the  pro<hiet8  of  their  decom- 
positioii  are  harmless,  witli  the  excvptlon  of  the  oils. 

Pheparations. 

fliupis  Alba  (U.  S.  P.),  Slnapis  Albs  Senuna  (B.  P.),  the  dried  ripe  seeds 
of  fintwica  ftlba. 

Knipis  Hicrm  (U.  S.  P.),  Sinapis  Nigra  Semina  (B.  P.),  the  dried  ripe 
KedBofBmaaiea  nigra. 

8iiiffpv(B.  v.),  a  mixture  of  the  powdered  seeds. 

CiMBTA  81NAPI8  (L'.  S.  P.,  B.  P.),  mustard  powder  rendered  adhesive  by 
India-rubber,  applied  to  g>heet-8  of  paper  and  dried.  Thi?  ir.  S.  P.  prepiiru- 
Ikiuijt  Tunned  from  the  hloek  mustard,  the  B.  P.  frmn  ti  mixture  of  the  two. 

OhmSinapia  Volatile  {V.  8.  P.,  B.  P.),  derived  from  blaek  mustard. 

LininntuM  Sinapis  (B.  P.),  formed  from  volatile  oil  of  mustard,  camphor 
■ndoutoroil. 

Uses. — >[u8tard  is  lai^ely  used  as  a  condiment  and  to  promote 
appotite,  but  is  never  prescrilw^d  for  this  purpose.  In  largo  tpiantities 
it  rauMf^  violent  irritation  of  the  stomarh  and  l)<)wel,  with  voniiting, 
paryin^,  aeute  }>:iin  and  tendernesu  in  the  abdomen,  and  collapse. 
Ma^taril  and  warm  water  is  a  convenient  emetic  in  emergencies,  as  in 
CMtt  of  poisoning. 

TIw-  piaiitor  or  leaf  (charta)  is  the  form  in  which  it  is  generally  used 
m  lltrnifientics.  It  contains  the  gluoosi<le»  which  is  slowly  dccttnipoaed 
W  ihc  fenneut  when  the  plaster  is  dippetl  in  warm  water  for  o  few  min- 
Ua  before  application.  Another  popular  application  is  the  mustard 
flttltioe,  in  which  powdere<l  mustard  is  8prinkle<l  on  an  ordinary 
pftultiVf.  Mu»tanl  is  also  adilod  to  baths  occasionally  when  slight 
irrilJitinn  and  consequent  conge-stion  is  desired  over  a  large  surface. 
y*v  iiivi  pur^K>sc  2-4  tea.s|M>onfnls  of  the  dry  powder  are  added  for 
««ii  gallon  of  water.  In  preparations  of  mnstaril  it  is  importjint  to 
»»niflateni|>erHture  of  over  <iO*^  C.  (140°  F.),  as  the  ferment  is  de- 
^n»y«J  aKwe  this.  The  plaster  is  left  on  the  akin  only  for  15  to  l\0 
^u\e<if  whrn  it  is  used  as  a  rubefacient. 

in.   Ganthahdin  Series. 

Another  scries  of  local  irritants  compri.ses  non-volatile  sulwtnnoes, 
^fviHcb  cantlmridin  is  the  best  known.  It  is  the  anhydride  of  can- 
ijarklif^acid,  which  does  not  exist  itself,  but  the  salts  of  which  are 
(i  fn3m  canthari<lin  by  the  action  of  bases.  Cantharidin  is  rep- 
^iteoteii  by  (',jjH,jOj,  and  is  a  derivative  of  benzol.  Its  action  on 
1^  <valml  nervous  system  resembles,  it  is  state<l,  that  of  the  other 
iters  of  that  wTies,  but  is  of  no  im|>ortance  in  comparison  with 
local  irritant  effwts.  Cantharidin  is  found  in  Spanish  fly  (Can- 
ilttriit  vesii^toria,  or  Lytta  vesicatoria)  and  in  several  allied  species  of 
(Iteetles).     The  irritant  action  of  cantlmridin  and  of  many 


9()  onOAKIC  SUBSTANCES  ACTING  LOCALLY. 

other  dnigs  was  formerly  supjKised  to  l>e  due  to  its  being  an  anhy- 
dride, but  other  anhydrides  have  no  Micb  spwitic  action,  and  the  c5»n- 
tharidates  are  quite  as  powerful  as  cantharidin. 

Action. — Applied  to  the  nkm^  (aintliaridiu  pnxluces  redness,  smarting 
and  [>aiu,  followotl  very  socm  by  small  vesicles,  whieh  later  coalesce 
into  one  large  blister.  This  is  nuirli  le«s  {miiiful  than  the  veeic^atinii 
pnMiuee<l  by  mustard,  be^'ause  less  of  tlie  irritant  jK-netrates  into  the 
<le*'per  tissues  than  in  the  wise  of  the  volatile  mustard  oil.  If  the 
blister  lie  bmken,  however,  and  the  unprotected  dermis  he  allowt^  tit 
come  in  eontaot  with  the  irritant,  violent  inflammation  with  much 
pain,  snppur:ition  and  even  sloughing  may  follow. 

Wheti  larg;e  quantitic^s  of  eantliaridin  are  given  hdenwlhi^  tlie  same 
irritant  action  takes  plaee  along  the  alimentary  tract.  K  taken  in 
solution,  blisters  arise  in  the  mouth  and  throat,  and  the  pain  and 
swellintr  in  the  ccsophagus  may  be  so  acute  as  to  prevent  swallowing. 
The  irritation  of  the  stomarh  produces  vomitinj^,  followed  by  ])ur^iDg^ 
with  excruciating  pain  in  tlic  abdomen,  and  all  the  symptoms  of  shock 
and  collapse. 

Cantharidin  is  absorlw^l  from  the  alimentary  canal,  and  also  to  a  lesfl 
extent  from  the  skin,  but  has  no  important  action  on  the  internal 
organs,  with  the  exception  of  those  by  which  it  is  eliminated.  The 
heart  is  often  accelerated  in  [joisouiug  iu  animals,  but  has  been  slowed 
in  some  eases  in  niaUj  while  in  others  it  was  rapid  and  feeble.  The 
respiration  becomi*s  rapid  and  dyspncpic  some  time  before  death,  and 
some  confu-t*in,  deopeniiitr  into  coma  and  crmvulsions,  may  indicate  a 
specific  action  on  the  ccutral  nervous  system.  Vomiting:;  ais«t  occurs 
on  subcutaneous  injpction,  but  the  presence  of  nleeration  of  the  stomach 
aud  of  diarrhfea  when  it  is  absorbed  from  the  skin,  indicates  that  some 
of  the  poison  is  excreted  into  the  alimentary  tract,  and  the  vomiting  in 
these  cases  may  therefore  be  of  |H^riphend  rutlier  tliiui  of  central  origin, 
Tn  the  |iro<H'ss  of  excretion,  cantharidin  has  the  same  etfects  on  the 
ortjans  involved  as  on  those  of  absorption.  These  eifects  are  seeu 
only  in  the  genito-nriuary  tract  in  the  vast  majority  of  cases  of  |>ot.son- 
Ing'.  Comparatively  small  quantities  irritate  the  bladder,  and  cause  a 
constant  desire  to  mictunite,  witli  pain  in  doing  si).  Tn  somewhat 
larger  amount  it  sets  up  an  acute  nephritis  willi  albuminuria,  pain  in 
the  kidney  region,  and  sometimes  blood  in  the  nriue.  The  iiiHam- 
mation  of  the  bladder  and  urethra  produces  intense  jMiin  and  often 
priapism  ;  in  women  abortion  is  said  to  occur  oi'nisionally,  and  iu  both 
sexes  the  irritation  may  lead  to  increasetl  sexual  desire. 

The  irritation  of  tlic  kidneys  by  small  tloscs  increases  tlieir  secretion, 
and  C4iutharides  was  llierefore  considered  a  diuretic  formerly.  The 
tendency  to  produce  nephritis  renders  it  a  dang(»rons  internal  remedy, 
however,  and  its  diuretic  [wwer  is  quite  iusiguiHeant  in  etmipanson 
with  tliat  of  caffeine. 

Animals  vary  very  considerably  in  the  degree  in  which  they  react 
to  cantharidin,  the  most  noted  example  Inking  the  htnlgchog,  whieh  is 
caiuiblc  of  surviving  a  dose  of  the  poison  sulHcicnt  to  poison  an  adult 
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luan.      Fowls  and  rabbits  also  ^josse^s  a  high  degree  of  congenital 
»*»ler»uce  for  tJiis  p«)ison,  although  none  of  these  is  absolutely  insus- 
Ipcptiblt!  to  it. 
^P  Preparations. 

Cantliaris  (U.  S.  P.,  B.  P.),  Spanish  Fly,  the  dried  beetle,  Cnntharls  veai- 
cutoritt. 

Ckkatvm  i'AXTnARiniH  (IT.  8.  P.). 
Voitodittm  CuntfiaridaluM  (V.  S.  P.). 
Tinctura  CauUmridi*!  (V.  8.  P.,  B.  P.),  0.1-0.3  c.c.  (2-5  mins.)* 

EmhL.Vj?TBUM  CANTUARIDI8  (B.  P.). 

Emi'Lj^htblm  C'alekacikns  (B.  p.),  wanning  plaster. 
Acrtum  CajUharuiii  (B.  I*.). 
Vafftimtum  Canthiirulis  (B.  P.). 
CuHfidium  I'eiiicans  (B.  P.). 
Liquor  Epiapaiiit%cu%  (B.  P.). 

Therapeutic  Uses. — Cantharidcs  is  at  present  used  almost  exclusively 
flsa  skin  irritjint,  and  more  partinilarly  a.s  a  vesicant.     In  the  United 
^t4>fi  the  cerate  is  generally  used  for  this  puqjosc,  and  is  applied  to 
(he  skin  by  means  of  .adhesive  plaster;  the  corresponding  pre|>jiration 
of  the  B.  P.  is  the  cantharides  phister.      It  is  to  be  noted  that,  in  order 
to  produce  actual  blistering,  the  plaster  has  to  remain  in  contact  with 
the  skin  pome  .H— Kl  hours,  but  an  equal  effect  may  be  achieved  by  re- 
placing the  plaster  by  a  hot  |>oulticc  after  4—6  hours,  when  the  skin 
irriLntion  lias  reached  the  stage  of  redness.     Ointhurides  is  also  used  to 
cnuse  nibefaction  and  commencing  vesication  (flying  blister);  tliia  may 
^  done  by  the  use  of  these  prejxir.itiouH,  or  by  ni«nvs  of  the  warming 
er,  IJ.  P.     lilisteriug  collodion    is   ii.M*d   rarely  in   untnanageabJe 
in  which    there   Ls   a   risk    of  the   plaster  Iw^ing   rcnufved   by   the 
T^tKiit.     The  ointment  is  said  to  induce  blistering  sooner  than  the 
I'Uivicr. 

C-antharidin  is  liable  to  be  absorbed  from  the  skin,  and  its  applica- 
^•*>ii  is  therefore  avoide<I  where  there  is  any  tendency  to  renal  infliini- 
™aiion. 

f'anlharides  has  been  used  not  infrettucntly  as  an  aphrodisiac,  and 
*^*veral  cases  of  poisoning  have  wcurrpd  fron»  its  administration  for  this 
pvjrposte.  In  cattle  it  is  largely  employed  to  this  *'nd  in  some  conn- 
*^*^»  and  in  man  it  has  undoubtedly  similar  effects  in  some  cases 
through  the  irritation  of  the  bladdtr  inul  urctfira,  but  its  use  for  this 
P'Jrposo  is  always  liable  to  produ»r  nepliritia.  As  an  crnmenagogue, 
*^'»lharidR»  lias  u  certain  popular  rcj>utatioii,  which  however  has  been 
*Ui>Mrn  to  he  unmerite*!,  any  inHuence  which  it  may  possess  on  the 
^''iistmal  ilow  Ixnug  quite  iusignillcanl,  and  probably  due  only  to  the 
*''i'italiou  of  the  bladder  and  urethra. 

CftntharidoB  has  been  ftdvis«l  internally  in  some  forms  of  renal  and  vesical 

**Wu8e,  tmt  il  is  an  ex«vi'dingly  dangerous  rtMiiedy  in  tliese  eunditions.  Tu 
*'*yi.  Licbrcioh  pro|Kjeed  the  treatment  of  tiifjereulnus  iijrecliona  with  can- 
^"lUidinaies,  in  the  belief  that  these  would  cause  au  inOammatory  reaction 
•f^und  the  di&eivsert  no<bile«,  and  wniiM  thus  kad  to  tlieir  hi'ing  destroyed 
'^'  taicnpsuled  in  cieulrioial  tissue.     It  luis  not   been  determined  whetticr 
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caiitliariUin  acta  more  i>owor(ully  on  irrit»t«d  tisHues,  nich  as  tho»e  around 
the  tuheroles,  but  cxporU^iww  hiw  shown  that  no  b^'nefit  followed  Liebreich'* 
trculiiiont,  whilo  in  wvenil  cH«eR  seven*  nephritis  resulted  from  the  mjei'tioit. 
ami  the  lut'lhod  has  IhiTt'fore  fallen  into  distbH-. 

<_'uniharides  is  sonietlines  a  conBtitiieut  of  hair  washes,  its  irritant  action 
on  the  Kkiii  boiug  credited  with  causing  a  more  rapid  growth  of  the  hair. 

In  capps  of  Poisoning  with  cantharides,  the  stomach  ought  to  be 
emptie<l  as  rapiilly  as  iKw-sihle  by  the  Htoiuach  tulw,  provided  the 
a'soplui^iis  allfuv3  of  its  passage.  Demuleente  and  albuminous  sub- 
stances are  of  use  in  slowing  the  absorption,  but  all  oily  or  fatty 
Iwdk'S  must  be  avoided,  ns  they  tend  to  dissolve  the  cuntliaridin  ami 
thus  promote  its  absorption.  Opium  may  be  given  for  the  pain,  and 
if  retllaptie  sets  in,  the  ordinary  measures  must  Ive  tiiken  to  combat  it. 

Poison  Ivy  and  Poison  Oak.— The  commonest  form  of  poisoning  in 
the  United  States  is  the  skin  eruption  pro<lure<l  by  the  leaves  of  poison 
ivy  and  poison  fwik  (Rhus  toxicodendron  and  venenata)  which   Pfaff 
has  recently  shown  to  be  due  to  tlte  presence  of  a  neutral  body,  Taxi" 
coffemfrofj  resembliug  closely  the  other  luembers  of  this  group.      Th^ 
effects  of  poison  ivy  can  arise  only  fntm  touching  the  plant,  the  poison-^ 
ous  principle  not  Iwing  volatile.     Very  minute  quantities  of  toxioo-^ 
deuilrol  are  sniricicnt  to  produce  skin  eruptions,  however,  -r^VtV  '"^H 
causing  distinct  symptoms  in  susceptibJc  persons.     The  popular  I>elief^ 
that  skin  affections  can   \h'.  induciid  by  approaching  the  plant,  withoutfi^ 
actually  toueliiug  it,  is  probably  accounted  for  by  the  facts  that  th^j! 
eruption  may  hf^  very  kite  in  mnkiug  its  uppoarance,  and  that  poisoik^l 
ivv  is  very  rnMjueijlly  mistnken  for  harmless  <;liiubing  plants.  ! 

In  the  dermatitis  from  poison  ivy,  Pfaff  recommends  Ihat  the  .-kin 
be  washed  and  .scrublu^tl  with  soap  and  water,  or  with  alcohol,  or  a 
aolntion  of  ksid  acetate  in  alcohol.  Ointments  and  oily  liniruents  are  to 
be  avoided,  as  they  dissolve  the  toxicodendrol  and  tend  to  spread  it 
over  the  skin  and  thuH  produce  further  inflainmalion.  For  the  same 
reason,  llie  alcohol  used  to  wash  the  part  must  be  removed  entirelv,  as 
the  j>oisonous  principle  is  soluble  in  it,  while  insoluble  in  water. 

Seveml  little  known  Bubstances  may  Iw  classed  along  with  cantharidin, 
wliieh  lliey  resemble  in  their  violently  irritating  etlects  on  the  skin  and 
miicoud  inembmnc-M,  and  in  being  non-volatile.  They  are  of  little  imiH>r- 
tauce  in  therapeutics^  but  not  itifrequfnlly  give  riijc  to  ucoidentul  [»oisoning. 
A  niunber  oF  the  Rauuncuhieeie  order  are  irritants,  and  this  hiLs  bein  Iw- 
lievfd  tu  he  dnp  lo  their  containing  Aneinonin,  C,„H,0,,  which  is  closely  con- 
nected lo  L'iintharidin  in  iU  chemical  structure,  but  thia  has  been  disputed 
recently  by  Bruncigeejit,  who  asserts  that  this  boily  is  a  convulsive  poison. 
Noel  and  Ijunibcil  hIho  state  that  aneraonin  is  not  the  irritant  contained  in 
Anemone  pulRiitilla,  which  owes  its  irritant  elTeets  to  somt'  olht-r  more 
poisonous  constituent.  In  Mezereum,  Buchheini  found  an  anhydride  'which 
he  termtnl  Mfzerrhi,  but  Springenfeldt  states  that  tht*  art  ion  is  due  to  an  oil 
and  to  the  acid  which  it  contains,  which  resemble  nolon  oil  nnd  crotonoleic 
uciii  in  their  ctfects.  Oirdoi,  found  in  the  fruits  of  Anaeardiom  occidentale 
and  in  Semeciirpus  unacardium,  la  a  very  powerful  Irritant,  and  has  been  used 
to  a  liuiitod  extent  as  a  vesieaot.  Cardol  is  probably  a  mixture  of  a  number 
of  substances,   but  il  ia   unknown   to  which   of  these  it   owes  its  activity. 
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ia  said  by  Buchbeim  to  be  the  irritant  principle  in  the  Euphorbia 
(Euphorbia  resiiiifera,  et^),  and  to  ropemhie  cnntharidin  in  its  anhy- 
fonn.  but  the  sulU  und  the  eti))horbic  acid  which  is  foriiii'd  from  I  hem 
bf  Addfi  are  inactive,  wbile  the  salts  of  caiitharidic  ucid  are  irritant,  and 
eMStharidin  is  reformed  when  they  are  broken  up  by  aoidit.  A  very 
.poisODOOK  luemher  of  the  Kuphorbiaeeie  in  the  Mnnichecl  tree,  growing  in 
the  West  ludii's,  and  it  apparently  belongs  to  Ihi^  series. 

Capsicum  contains  one  or  more  non-volatile  irritant  8ul>stauces  uhieh 
probably  rewmhle  the  principles  of  this  series  more  closely  than  any  other. 
Ca]>9)cu[n  \»  used  in  i^mall  quantities  internally  and  has  therefore  been  men- 
lloned  nlon^  with  the  pepper  series,  but  it  is  also  used  oceasionully  as  a  skin 
IrritoDl.     Pepper  is  alsw  usefl  n-s  a  rubefacient  in  domestic  medicine. 

Chaulmoogra  Oil,  obtained  from  Gynocurdia  odotutu,  i.s  ajipiirently  similar 
is  character  to  the  members  of  this  group,  although  it  is  less  irritant.  It 
ifl  lued  rxiemally  as  an  application  to  hrnises,  and  l>olh  externally  and 
iDlcmally  in  leprosy,  although  it  is  probably  of  little  avail  in  this  disease. 
Ittfttald  (o  owe  its  activity  to  Gifnocanlic  acid,  which  it  contains  in  combi- 
ft3t(k>D  with  glycerin.  L'rolon  oil  is  also  used  as  a  skin  irritant,  but  will  be 
tntlrd  of  in  connection  with  the  purgatives  (page  99). 

Many  other  plants  possess  irritant,  poisonous  properties,  which  would  ap- 
I«rvntly  entitle  them  to  a  place  in  tliis  series,  but  so  little  is  known  uf  their 
■dire  principles  and  of  their  ellecU,  that  they  may  be  omitted  for  the  present. 

Preparations. 

Xeurenm  (U.  S.  P.),  Mezerei  Cortex  (B.  P.),  the  bark  of  Daphne  mezc- 
tvm  imd  of  other  species. 

Flmdtjimeium  Mrzrrei  (IT,  S.  P.). 

Mrvjrum  is  al»o  contained  in  several  of  the  Baraapurilla  prepuratioiui 
(TS.  P.). 

Cipiictxin  (U.  S.  P.,  B.  P.). 

EmfMulrttm  fhpn'ri    (If.  g.  P.). 

Viufnmfitm  (\tfMnri  (B.  P.). 

(For  Iho  other  preparations  of  Capsicum  see  page  73.) 
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Vn.     VEGETABLE   PITEGATIVES. 

Pur^^ntivcs  arr  drugs  wliicli  are  empioye<I  in  medicine  to  evactmte 
tiu*  bowel  of  its  oontoiils.  Many  drugs  produce  evacuation  in  the 
oxmr  of  tiieir  motion,  but  have  other  eflects  of  importance  and  are  not 
luilcd  in  this  class.  Thus  the  members  of  the  preceding  classes  oi* 
irritiint^  induce  diarrhtca,  but  this  is  actH>mj>anicti  by  irritation  of 
liif  OMMitb,  throat  luul  stomach,  and  in  many  other  forms  of  poisoning, 
t^M  is  a  prominent   feature,  but   is  accompanied  by  vomiting  or 
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some  other  symptom.     The  ideal  purgative  is  devoid  of  any  efiecta 
whatsoever,  save  in  the  intestine ;  it  passes  through  the  stomadi  witH- 
out  materially  deranging  its  function,  and  is  not  absorbed,  or  at  any 
rate  is  absorbed  so  slowly  that  it  has  time  to  unfold  its  action  througli- 
out  the  intestine.     The  vegetable  purgatives  act  through  their  irritacmt 
properties,  which  in  some  instances  are  elicited  only  by  the  action  9>£* 
the  secretion  of  the  intestines  and  of  the  neighboring  glands.     Thus 
some  of  the  purgatives  pass  through  the  stomach  in  the  form  of  blanc3, 
non-irritant  compounds  (castor  oil),  which  are  broken  up  by  the  diges- 
tive processes  in  the  intestine,  while  others  perhaps  owe  their  activity 
in  the  intestine  to  their  solution  or  suspension  in  the  juices. 

Many  classifications  of  the  purgatives  have  been  based  on  their 
effects,  and  some  of  the  terms  are  still  retained,  such  as  aperientf  ecco- 
protic,  laxative,  purgative,  ckolagoffue,  hydragogue,  cathatiic  or  drastie. 
But  the  effect  of  the  purgatives  is  determined  largely  by  the  dose  and 
by  the  condition  of  the  intestine,  so  that  a  small  dose  may  act  as  an  ape- 
rient, laxative  or  eccoprotic,  while  a  larger  quantity  of  the  same  drug, 
or  even  the  same  dose  in  a  more  susceptible  individual,  may  act  as  a 
drastic  or  hydragogue  cathartic.  It  is,  therefore,  preferable  to  classify 
them  according  to  their  chemical  nature  as  far  as  that  is  known,  and 
in  this  way  three  classes  may  be  formed,  (1)  purgative  oils,  (2)  purga- 
tives of  the  anthracene  series,  (3)  the  jalapin  and  colocynthin  group. 

Symptoms. — In  moderate  doses  the  purgatives  simply  hasten  the 
normal  movements  of  the  intestines,  and  the  stool  is  of  the  ordinary  ap- 
pearance and  consistency  (laxative,  aperient,  or  eccoprotic  action).  In 
larger  quantities  they  cause  a  more  profuse  evacuation  than  normally, 
and  the  stools,  which  are  repeated  at  short  intervals,  are  of  a  looser, 
more  fluid  consistency.  Their  action  is  accompanied  by  considerable 
pain  and  colic,  and  the  hurried  movements  of  the  intestine  are  shown 
by  the  cliaracteristic  gurgling  sounds.  Large  quantities  of  the  more 
powerful  purgatives  may  cause  all  the  symptoms  of  acute  enteritis; 
the  stools  at  first  contain  the  ordinary  fsecal  substances  accompanied 
by  more  fluid  than  usual,  but  later  consist  lai^ly  of  blood-stained 
mucous  fluid  with  little  or  no  resemblance  to  ordinary  faeces.  This 
violent  puigation,  which  is  not  induced  in  therapeutics,  is  accompanied 
by  pain  and  tenderness  in  the  abdomen,  and  may  induce  shock,  col- 
lapse and  eventually  death. 

Action. — The  origin  of  the  fluid  of  the  stools  after  purgatives  has 
been  much  debated.  According  to  many  authors,  they  accelerate  the 
|)assage  of  the  intestinal  contents  so  much  that  there  is  no  time  for 
the  absorption  of  the  fluid,  and  the  fseces  escape  in  the  fluid  con- 
dition in  which  they  normally  exist  in  the  small  intestine.  Other  in- 
vestigators hold  that  purgatives  cause  fluid  to  pass  into  the  intestine, 
either  by  increasing  the  normal  secretions,  or  by  causing  an  inflam- 
matory exudate  from  the  vessels.  Both  parties  have  founded,  or  at- 
tempted to  confirm  their  statements  by  the  results  of  the  injection  of 
the  purgatives  into  loops  of  intestine  isolated  from  the  rest  of  the 
bowel.     In  these,  some  observers  (Brunton,  Roy)  have  found  a  larger 
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aoniniul.itioD  of  fluid  after  the  injection  ©f  the  purgativci*,  while 
otlitrs  (Thirv,  RatlzieJL'wski)  found  no  more  fluid  after  purgjitivos  than 
tttiTimiit!**rent  fluids.  Those  contradictory  results  nre  pixtbably  due 
to  llie  methods  adopted,  nnd  the  quantity'  of  the  drug  injected.  In 
f|imutities,  such  as  nrv  used  in  the  vast  iniijority  of  c;ises  in  ther- 

»iitirii,  the   irritation   produced  hy  tlie  purgatives  is  probably  only 
(iMmgh  to  accelerate  peristalsis  somewhat,  and  the  fluid  of  the  stools 
•4lrnM*n  partly  from  the  food  and  partly  fix>m  the  ordinary  secretions 

tlie  digestive  orgRus.  In  these  cases  the  intestine  is  not  Actually 
itiflKnud^  although  some  congestion  may  occur  in  it,  as  in  all  organs 
in  a  slate  of  abnormal  activity.  On  the  other  hand,  when  large  quan- 
lities  nre  ingested  a  true  inflammation  of  the  intestine  occurs,  mani- 
fejted  by  increased  movement,  congestion,  the  exudation  of  fluid  into 
tlip  lumen  of  the  bowel,  and  pain.  In  these  cases  the  intestine  pre- 
ihe  usual  signs  of  inflammation  ;  it  is  red  and  congestetl,  and 
lins  u  muco-purulcnt  fluid  and  often  blood.     The  matter,  theix-fore 

Ives  it^If  into  a  question  of  dose ;  if  it  be  smnll,  the  fluid  is  not 

pxudatc.  if  it  Ik'  large  tlie  fluid  is  partly  an  inflnmmatory  product. 
T1wj'Uk)|.s  following  the  administration  of  purgatives  differ  from  the 
Dornial  fieuci*  in  containing  a  larger  pro|K)rtiou  of  water  and  al.so  of 
Miluhlc  sulistances.  In  fact,  they  resemble  rather  the  contents  of  the 
null  intestine  than  the  normal  excreta,  and  contain  bodies  which 
wwld  itnnnally  have  been  absorl>ed  and  utilized  but  which  have  been 
biiTTiM  through  the  lunvel  too  rapidly  to  permit  of  their  being  tukoa 
up  liy  the  epithelium. 

Tho  colic  producetl  by  purgatives  is  not  due  to  the  inflammation  of 
till*  iiiti*«itinal  wall,  but  is  pnibably  exjilained  by  the  more  vigfjroua 
vtions  of  tlie  w:dls  of  the  bowel  and  the  difficulty  in  foi'^'ing  im 
fiw-nl  ma.--'***'  in  (he  large  intestine.  The  tenderness  protbuy-d  by 
laiVcquantilit?^  of  the  purgatives,  on  the  other  band,  would  seem  to 
ibdimte  inflammation. 

Tb«re  is  every  reason  to  believe  that  purgation  may  U*  induced  by 
n^xw  arising  fron»  the  stonuwh  or  t?kin,  or  from  localizetl  irritation 
^'f  imp  |Mirt  of  the  buwel ;  autl  these  reflexes,  in  some  instances  at 
Ifli^t,  mu-*t  (KL-w  by  way  of  the  central  nervous  system.  In  the  amvl- 
SaUii  |RTisi«Uis  nnlinarily  induced  by  the  purgatives,  however,  the 
ner\'ons  system  is  probjibly  not  involvetl  ;  the  irritation  n(  the 
'ftWttHjs  tnendmine  renders  it  more  sen.sitive  to  the  stinuili  which  it 
•'niiiiurily  rei'eivt^^  from  the  content*.,  and  the  nervous  impulsi^s  n-sult- 
'U(f  fmm  lhe.se  are  tratihmitto<l  to  the  intestinal  nervous  plexus  and 
pv*  ri«*  to  the  reflex  inhibition  and  contraction  of  the  muscular  coats 
»7  whieb  the  jM^rittaltie  movement  is  carrie<l  tait.  This  actii>n  of  the 
ponrslivt-s  in  inerwising  the  irritability  i»^  the  mucous  meuibnuie 
pJitliabiy  extends  throughout  the  bowel,  antl  the  movements  i»f  both 
liu'wittll  nnd  the  large  intestine  are  aeceleniteiL  There  is  no  reason 
^t  «n|ipciso  tliat  the  foixl  is  retanled  in  its  p:iiJsage  through  the  small 
t»iwiJ  in  wmsti|iation  ;  the  delay  takes  place  iu  the  colou,  uud   it  is  in 
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increasing  the  irritability  and  removing  the  sluggishness  of  the  latter 
that  purgatives  are  beneficial. 

The  action  of  the  purgatives  is  generally  considered  purely  local,  and 
strictly  analogous  to  that  of  the  skin-irritants.  The  irritation  of  the 
epithelium  and  of  the  nerve-ends  leads  reflexly  to  increased  activity  of 
the  deeper  layers,  which  manifests  itself  in  the  bowel  by  contraction  of 
the  muscle,  in  the  skin  by  hypersemia.  But  some  of  the  purgatives 
seem  to  have  a  further  action,  which  is  of  a  more  specific  nature. 
Thus  senna,  aloin,  fraogulin,  and  colocynthin  cause  evacuation  of  the 
bowel  when  injected  subcutaneously  or  into  the  blood,  podophyllum 
resin  causes  violent  purging  and  vomiting  when  thus  administered,  and 
croton  oil  has  long  been  rubbed  on  the  skin  in  order  to  relieve  con- 
stipation, and  is  found  to  cause  intestinal  inflammation  and  purging 
when  injected  intravenously.  It  has  accordingly  been  suggested  that 
these  have  a  specific  action  on  the  bowel  quite  apart  from  their  irri- 
tant effects ;  but  it  is  quite  possible  that  their  intestinal  effects  are  here 
due  to  their  excretion  into  the  bowel,  which  has  been  shown  to  occur 
in  several  instances.  Other  irritants  applied  subcutaneously  or  intra- 
venously often  produce  similar  effects  on  the  alimentary  canal. 

The  interval  which  elapses  between  the  administration  of  a  purga- 
tive and  its  effects  varies  with  the  dose,  and  also  with  the  individual 
drug.  In  ordinary  therapeutic  doses,  evacuation  of  the  bowels  occurs 
in  most  cases  in  5—10  hours,  but  if  large  quantities  of  the  more  pow- 
erful purges,  such  as  jalap  or  croton  oil,  be  given,  the  effects  may  be 
elicited  in  two  hours.  Aloes  and  podophyllum  differ  from  the  others 
in  the  length  of  the  interval,  catharsis  rarely  or  never  occurring  ear- 
lier than  10-12  hours  after  their  administration,  and  often  only  after 
20-24  hours. 

The  movement  of  the  intestine  induced  by  purgatives  is  accom- 
panied by  an  increase  in  the  leucocytes  of  the  blood  similar  to  that 
observed  in  other  forms  of  intestinal  activity,  e.  g.,  during  digestion. 

The  effects  of  the  purgatives  vary  greatly  in  different  animals. 
Thus,  the  rabbit  is  very  refractory  to  most  of  the  series,  and  often  is 
killed  by  intestinal  irritation  without  any  evacuation  being  produced. 
The  frog  is  unaffected  by  quantities  which  would  produce  poisoning  in 
man,  while  the  dog  and  c^t  respond  much  more  readily. 

It  was  formerly  supposed  that  purgatives  increased  the  secretion  of 
bile,  and  certain  of  them,  which  were  believed  to  have  a  special  activity 
in  this  direction,  were  known  as  Cholagogues.  It  has  been  shown  of 
recent  years  that  none  of  them  possesses  any  action  on  the  secretion  of 
bile,  although  they  may  increase  its  excretion  by  hurrying  it  through 
the  intestine  and  preventing  its  reabsorption.  On  the  other  hand,  die 
presence  of  bile  in  the  intestine  is  a  condition  necessar)*  to  the  activity 
of  many  of  the  purgatives.  Thus  Buchheim  and  Stadelmann  found 
that  in  the  absence  of  bile  the  following  purgatives  are  either  quite  in- 
active or  very  much  less  powerful  than  usual — podophyllum  and  podo- 
phyllotoxin,  resin  of  jalap,  convolvulin,  resin  of  scammony,  rhubarb, 
cathartic  acid,  and  the  sodium  salt  of  gambogic  acid.     This  is  prob- 
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ablv  due  to  some  solvent  action  of  the  bile,  for  Stadelmanii  found  tiiat 

*'nm  8oap8  were  given  with  some  of  these  drugs  their  activity  returned, 

ami  m  other  cases  a  com|>arativeJy  slight  modification  of  their  chemical 

f'jnii  waH  sufficient  to  restore  their  activity,  even  in  the  absence  of 

culler  Ijtle  or  soap.     Analogous  results  have  been  observed  from  other 

Woses  than  the  absence  of  bile ;  thuH  some  of  the  pure  principles  of 

top  fnirpitives  are  much  less  active  than  the  crude  drugs  because  the 

"iiimritics  of  the  latter  alter  their  solubility.     This  xdteration  of  the 

soluhiliiy  jiiay  act  in  two  ways  :  if  the  principle  is  rendered  too  sohible, 

It  niav  Iw  absorbed  in  the  stonmch  and  upper  part  of  the  bowel,  and 

UJert'fore  fail    to  produce   purgation  ;  on   the   other  hand,  it  may  be 

f^Dderwl  so  ins<i]uble  that  it  fails  to  come  into  intimate  contact  with 

tiio  Umel  wall,  and  therefore  does  not  irritate  it.     The  effects  of  such 

Colloid  suhstances  ns  the  bile  and  gums  in  to  delay  the  abtiorption  of 

soluble  substances  in  tlie  upiK»r  part  t»f  tlie  Im»w<'I,  and  at  the.  same 

toe  to  ke^p  the  ins<»luble  resins  in  susjvcnsion  (Tappcincr). 

Few  of  tJie  purgatives  have  any  a|>preciable  action  after  absorption, 
but  genenil  effects  may  be  produced  indirectly  from  their  intestinal 
action.  It  is  probable  that  reflexes  are  elicited  by  irntation  i)f  the 
^el  analogous  U}  those  discussed  under  skin  irritants,  but  in  addition, 
tWooDgestion  of  the  bowel  produced  by  its  activity  must  alter  con- 
fi<ierab]y  the  distribution  of  the  blmHl  in  tlie  body.  The  belief  in  the 
effioary  of  a  piu-ge  In  congestion  of  tlie  brain  may  thus  be  based  on  a 
true  "revalsivc  "  action  ;  for  the  dilation  of  the  intestinal  vessels  must 
rily  lessen  the  bliKKj  preasuro  and  thei-eby  the  blood  supply  to 
brain.  The  congestion  of  the  intestine  is  accompanied  by  a  similar 
wndition  in  the  other  pelvic  organs,  and  the  j>urgatlv*.'s  tlien^fore  ofU^n 
aa&c  congestion  of  the  uterus,  with  excessive  menstrual  How,  or  in  the 
^tis^of  pregnant  women,  abortion.  Lastly,  a  certain  amount  of  fluid 
>*  withdrawn  which  would  otherwise  be  excreted  by  tlie  urine,  which 
IS  fuund  to  be  proportionately  diminislied  in  amount. 

1.   The  Purgative  Oils. 

Two  very  important  members  of  the  purgative  series  are  Cantor  oil 
(Oleuru  Ricini),  and  CVo/o/t  oiY  (Oleum  Tiglii  or  Crotonis).'     Castor  oil 
ronsisls  almost  entirely  of  an  oil  which  resembles  olive  oil  in  most  re- 
^ppctfl,  but  on  saponification  forms  ricinoleic  acid  insteati  of  oleic  acid. 
Tliia  add  (C,yH^(OH)COOII)  differs  from  the  fatty  acids  obtained 
from  opdinar\-  oils  in  being  unsatuntti^l  an*l  in  containing  a  hydroxyl 
gmup.     Castor  oil  is  itself  a  l>land,  non-irritating  fluid,  but  on  passing 
into   the  ii]l4?stine  is  decomposed   by  the  digestive   juices,   and   the 
rieinoleates  thus  forme<i  are  irritant  and  caui^e  purgation.     When  the 
oil  is  saponified,  and  the  free  acid  given   by  the  mouth,  the  effects 
quite  different  from  those  of  the  oil,  for  the  taste  is  acrid  and  un- 
it, and  discomfort,   nausea  and  vomiting  may  follow  its  iu- 

AnothtT  pl.ant  containing  n  pnrfrative  oil  ta  (he  Jatroj>ha  curcam,  which  honn;  the 
Bar4v>lc>«4  niit«,  or  ptirgini;  nutt*-  It  is  nfniewhat  weaker  in  itis  nction  thitn  rrotoD  oil, 
ftDil  u  wuA  to  be  ufteo  substiLuted  fur  it  in  Hpecinieus  ol  croton  oil  ubtainiil  from  India. 
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gcstion  from  its  irritant  action  on  the  stomach.  Tlie  oil,  on  the  other 
hand,  has  a  blantl,  if  nnptoasant.  taste,  and  produces  no  effecU  on 
the  stomach.  Several  other  esters  of  ricinoleic  acid  have  been  showo 
hv  >[eyer  to  resemble  the  glycerin  ester  (castor  oil)  in  their  purgative 
effccio. 

Croton  oil  is  deeom|i09ed  into  glycerin  and  crotonoleic  acid,  of  wliidi 
little  is  known  exct-pt  timt  it  is  similar  to  ricinoleic  acid  fmm  a  chcinical 
point  of  view.     It  differs  fnuu  it  in  tlie  fact  that  crotonoleic  acid  id  a 
much  more  irritant  body,  and  in  that  some  acid  is  found  free  in  tlie  oil. 
This  free  acid  renders  croton  oil  irritant  before  it  peaches  the  iutcstim', 
althouf^h  the  sjirae  process  goes  on  here  as  in  castor  oil,  and  the  en^t^'n 
oil  thereRtre  becomes  nuprt*  irritant  than  elsewhere.     On  the  skin,  ami 
in  ill*'  throat  and  stoniufdi,  erolou  oil  exerts  its  irritant  action,  but  these 
e*fe<'ts  may  be  avoide<l  while  it  continues  to  act  as  a  purgative,  if  the 
free  acid  be  removed.     Croton  oil  then  bocumes  bland  and  non-irritant, 
and  can  be  distingnishe<l  fnMu  castor  oil  only  by  its  more  powerful  pnf" 
gative  action.    Castor  oil  is  absorbe<l  from  the  intestine  and  disapjHii*^ 
in  the  tissues  in  the  same  way  as  an  ordinary  oil.     Nothing  is  knov*'** 
with  certainty  of  the  fate  of  croton  oil  in  the  body,  but  it  is  not  nr*' 
likelv  that  it  is  excret<'<l  in  pmrt  into  the  large  intestine.     Bftth  crotrF*^! 
oil  and  castor  oil  are  borne  in  much  larger  quantities  by  animals  tha.^^ 
by  man,  and  not  infrequently  the  former  causes  acute  enteritis  withot»  j 
purgation. 

Castor  oil  may  bo  given  in  \'ery  large  quantities  without  produein 
any  symptoms,  save  tliostMif  a  mild  laxative,     Croton  oil,  on  theothe^ 
hand,  acts  as  an  irritant  poison   in  any  save  the  smallest   doses,  pro-- 
diicing  vomiting  and  violent  purging  with  blocwly  8to<:)Is,  collapse  antF 
death.     Castor  oil   is   occasionally  used  as  an  emollient  to  the  skin, 
and  has  been  employed  as  a  solvent  for  application  to  the  eye,  while 
cr«)tt»n  oil  has  already  ln*en  mentioned  a-^  a  puHttilant,     The  harmless 
nature  of  castor  oil  is  shown   by  its  use  iu  China  as  an  article  o; 
diet. 
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It  was  formerly  a  matter  of  dispute  whether  croton  oil  causes  the  formation 
of  pus  when  inji-cted  Hiibf'iitaiifoiiHly,  or  whetht-r  the  presentre  of  microbes  is 
uccessiiry,  hut  it  s<.'eiiis  umjiiL^sliumiVile  now  timt  croton  oil  aloue  is  raimbleof 
producing;  this  cHiti,  iiruviiled  llmt  il  cuiitaius  frui?  crototiul^ne  acid.  The 
('oiitra<li<'toi*j'  results  obtained  Uy  observt'rs  raay  be  explained  by  ihe  fact 
that  croton  oil  orcivsioiiHlly  contains  very  little  free  arid,  and  that  the 
mmnmntiiui  tissuL-.s  ure  uriiible  to  HiLptmify  (he  oil  save  in  the  prcjscnrc  of  the 
iut^^stinal  ferments.  In  One  fro^  these  feruieutH  are  present  in  the  tissues,  or 
perhui)s  the  latter  are  capable  of  l>reulciti^  \\\>  the  oil,  for  Hirachheydt  found 
that  the  neutnLl  oil  caused  inflamiuiition  and  hemorrhages  in  various  parts 
of  the  body. 

In  llu'  beans  from  which  ciustoroil  and  cn>toTi  oil  are  derived,  toxalbumini 
are  found,  and  the^e  were  at  one  time  supposed  to  be  the  active  principles 
of  the  tiilH.  (.*^cc  Ricin.)  It  bus  t»eoti  shown,  however,  that  the  oils  are  en- 
tirely free  from  these  poiKons,  and  thxit  their  action  is  due  solely  to  the  acids 
of  which  they  are  glycerides. 


Oletm  RiriKi  fU.  S.  P.,  B.  P.)i  »  ^xcd  oil  expressed  from  the  seed,  op 

ean  nf  Rkinua  comraunis.     Dow,  4-;iO  v.a.  (I-S  tt.  dra.). 
Xfistura  Otci  Jiicini  {U.  P.),  mode  up  with   ciiiDUinoii  ami  orange  flower 

rater  by  ineiitii*  of  mucilage,  1-2  fl.  oz. 
Olkvm  TuiLii  (LT.  S  P.),  Oleum  Crotonih  (B.  P.).  a  fixed  oil  expressed 
m  Ihe  .-M-eil  offVoton  Tiyliinn.      Pose,  0.02-41.05  r.c.  (i-1  in.), 
Cast^ir  oil  is  ditricuU   tu  take  owin^  to  itj4  iinpleiisitnt  tai^te.     It  may  lie 

Rivt-u   alone,  in  an  emulsion  flavored  with  sn^ar  and  some  volatile  oil,  in 

Win**.  spiritA  or  glycerin,  or  in  flexihle  capHulcH, 
Cmtnii  oil  is  often  given  in  a  pill  made  up  with  bread  crumb,  or  a  single 

drvp  may  be  given  on  a  himp  of  t^ugar  or  iu  dolutiun  in  castor  oil. 
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2.   The  Anthracene  Purgatives. 


numl>er  of  pnrgiitivt'H,  Wmhuhj  Seiiiui^  Afoc»  and  Fmnffidtt,  owe 
eir  activity  to  the  pres4:'noe  uf  irrilUDt  anihmfmc  (C,  JI,,,)  uompoundd, 
ttl  V  a  few  of  which  have  been  isolated.  The  ohemi<«l  examination  of 
lose  drugs  is  a  matter  of  great  ditUt'ulty,  as  they  eaeh  contain  several 
ptive  principles  which  are  very  nearly  related  to  each  other,  and 
me  of  which  are  undoubtedly  tl»e  prmluctn  of  tlic  dcionipoMtifin  of 
t^rv  eouiplex  Ixtdics.  In  addition,  Kcveral  id'  the  pure  suhstances 
luvi*  been  found  to  be  low  certain  in  their  jmrgative  uctitju  than  t)ie 
BTude  drugs,  probably  because  the  culloidb  in  the  latter  aid  in  their 
■ul  ution. 

All  those  which  have  been  completely  isolated  hitherto  have  pruvetl  to  bo 
dfcrivativea  of  anthnM|uinoue, 


CH      CH      CH 

t;n     cii     CH 
ADthrac«a«. 


rn      CH     CH 
/\  C  /\  c 


"T  J 


CO      CH 
Aodiratiuiuoui.' 


W    wwiBomo  of  the  oxyantliruquinone«  seem  to  be  widely  distributed.     Thu?nll 

B     lh<i>  members  of  the  group  contain  Emoilin  or  trioxymtHliyl:»nthramiimme, 

'^u^.f^'lIjiOMijO,),  and  rhubarb  and  senna   eontuin   i'firtfsojthniiiv  m-id  or 

jlintynn^thylanthraquinone,    (CnHj(CH,HOH)jO,.),    while   ti    riuurly    related 

'•"^yiias  lict-n  found  in  Frangula.      It  is  atill  undecidLd  whether  the  emudin 

^'""1  in  dilFereot  drugs  is  identical  or  merely  isonierir,  and  the  same  may 

'**ud  ta  regard,  to  chrj'sophanie  acid.      In  addillon,  a  number  of  other  an- 

*«f*yoe  bodiot  occur  in   tbe.He  purgative-^,   some  of  them  combined  with 

sfigarelo  form  glncosides,  but  little  is  known  regarding  thum,  and  it  seems 

''•tly  that  M>mc  may  prove  to  bu  impure  emodin.     Acid  glucoaides  have 

fuand  in  rhubarb,  senna  {Cathartin  or  i'alknrfinir  acid)  and  in  ivi^cara 

-  fntnguhi  {Cnthnrfin  and   Frnngufin).      In  the  dilferent  species  of  aloes 

^^n\  AioinM  {Riirhitluifi  from  Barbadoes aloes,  Socaloin  from  Socotriuc  aloes, 

**c|lmve  Iteen  isolated. 


Several  of  the  pure  principles  have  been  used  as  purgatives,  although 
tby  g^Qi  on  the  whole  to  be  lej»a  certain  in  their  effects  than  the  crude 
*«Tiga.  Oirtftiopliattu:  o/'iddocs  not  cau.sc  pufgation,  owiii^  to  its  rapid 
"Ifcorption.     Frangvhn  has  given  satij<fiicti:)ry  results,  and  Oithartin  has 
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also  been  used  experimentally,  but  is  very  liable  to  undergo  decompo- 
sition.    Ahin  is  less  certain  iu  its  effects  than  aloes,  and  it  seems  to  be 
indisputable  that  the  crystalline  aloin  itself  is  inactive  iu  the  bowel,  bu^ 
is  there  changed  under  certain  conditions  to  an  amorphous  compoundL 
which  has  irritant  effects.     This  active  substance  can  be  prepared  fronm 
aloin  by  boiling  in  water,  and  may  be  present  in  the  amorphous  resin  lef%^ 
after  the  extraction  of  aloin.     The  purgative  action  of  aloes  is  increaseci. 
by  the  addition  of  small  quantities  of  alkaline  salts  and  of  iron.     The 
presence  of  bile  in  the  intestine  is  not  necessary  to  elicit  the  action  of 
this  gCDup,  except  perhaps  in  the  case  of  rhubarb ;  enemata  of  aloes 
are  inactive  unless  bile  is  injected  with  them,  but  Kohlstock  found  that 
the  same  results  could  be   attained    by  dissolving  aloin  in  glycerin. 
The  latter  produces  evacuation  when  injected  alone  as  an  enema,  it  is 
true,  but  he  used  smaller  quantities  of  it  than  are  necessary  for  pur- 
gation, so  that  the  r6le  played  by  the  bile  Ls  probably  the  same  as  that 
of  glycerin — a  purely  solvent  one. 

The  absorption  of  these  bodies  has  not  been  satisfactorily  determined 
in  most  cases.  The  urine  is  rendered  yellow  after  rhubarb  and  senna, 
owing  to  the  absorption  and  excretion  of  chrysophanic  acid,  but  it  is 
questionable  whether  the  more  active  principles  pass  into  the  urine  in 
appreciable  amounts.  When  aloin  is  injected  subcutaneously  or  intra- 
venously, it  is  excreted  for  the  main  part  into  the  bowel,  and  there  pro- 
duces irritation  and  catharsis.  Cathartin  and  frangulin  also  act  as 
purgatives  when  they  are  injected  subcutaneously,  probably  because 
they  are  excreted  into  the  bowel,  although  this  has  not  as  yet  been 
investigated.  The  yellow  pigment  of  the  urine  after  rhubarb  and 
senna  becomes  a  purple  red  on  the  addition  of  alkalies  * ;  the  milk  and 
skin  also  are  said  to  assume  a  yellowish  tinge  from  the  presence  of 
chrysophanic  acid. 

Iu  the  rabbit  aloin  seldom  causes  purgation,  and  is  excreted  by  the 
kidney  in  considerable  quantity,  especially  when  injected  hypoder^ 
mically.  In  passing  through  this  organ  it  causes  marked  irritation 
and  epithelial  necrosis,  which  oft^n  proves  fatal  in  a  few  days.  No 
irritation  of  the  kidney  occurs  in  man,  the  dog,  or  the  cat  after  aloin. 

Rhubarb  contains  a  considerable  amount  of  tannic  acid,  which  acts 
as  an  astringent  and  therefore  tends  to  cause  constipation  after  the 
evacuation  of  the  bowels.  It  is  not  well  tolerated  in  some  cases,  its 
administration  being  followed  by  nausea,  headache  and  giddiness,  more 
rarely  by  skin  eruptions  of  different  kinds. 

Preparations. 

U.  S.  p.— Eheum,  rhubarb,  the  root  of  Rheum  officinale. 
ExTRACTUM  Rhei,  0.3-0.6  G,  (5-10  gra.). 
Fluidextractum  Rhei,  1-2  c.c,  (15-30  mine.). 

PiLULiE  Rhei  Composite  (aloes,  myrrh  and  oil  of  peppermint),  1-5  pills. 
PuLvis  Rhei  Compositus  (Gregory's  Powder)  contains  magnesia  and  ginger. 
Dose,  l^G.  (20-60  grs.), 

Tinctura  Md,  4-16  c.c.  (1-4  fl.  drs.). 

'  For  the  reactions  required  to  distinguish  chrym>phanic  acid  in  the  urine  trom  the 
pigment  occurring  in  it  after  santonin,  see  page  122. 
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77ncfura  Rhri  Aromaiicfi  (contains  fteveral  volatile  oils),  2-8  c.r.  (J-2  fl.  tire.). 
fiHura  Khei  ei  Sodee  (contains  bicarl>onatc  of  soda,   ipeciu*,   peppuniiint 
glywrin).  10-100  c.c  (2  fl.  dnj.-3  oz.)- 

«rj*.^  ^^L^,  i«  «.^.^r.    1  t^*«e  for  child  4-10  c.c.  (1-3  fl.  dre.)- 

B-  P. — Rhei  Radix,  rhubarb  root,  the  croct  rhizome  or  so-called  root  of 
Rheum  palniatum  :  3-10  grs.  for  repeated  admiuititratiuu  ;  for  u  tiiugle  ud- 
mini.stmtioD,  15-30  m^. 

KxTRAcrrM  Rhei,  2-8  grs. 

I'lLl'LA  RuEt  C0MPO6ITA  (contains  rhubarb,  Socotrine  aloes,  myrrh,  antl 
cm!  of  peppermint).  4-8  y^. 

PfLvis  Rhei  CoMrosixt's  (Uregorj's  Powder)  contains  rhubarb,  Hght 
maf^esin  and  ^finger,  20-<!0  ^^. 

TiNCTtiRA  Rhei  Compokita,  fomuxl  from  rhubarb,  cunhimom  and  cori- 
ander, ^-1  n.  dr.  for  repeated  administration  ;  2-4  H,  drs.  for  u  single  ad- 
Bunistration. 

SYRrpUH  Rhei,  4-2  fl.  dn*. 
Infuium  Rhei,  A-1  fl.  oz. 
Ijquor  Rhri  Chncenlratvi*,  ^-1  fl.  dr. 

V.  8.  P.— Senna,  the  U-afleti*  of  I'assia  acutifolia  (Alexandria  Senna),  and 
of  Cassia  un^t^tifolia  (India  8enna). 

C»NrKrTU>  Senn.k  contains  senna,  cassia  Hstula,  tamarind,  prune,  fig,  tmgnr, 
an<i  nil  of  coriander,  4-8  (r.  (1-2  drs.). 

FtiiiiUstrartHm  Senntr,  4—8  c.c.  (1-2  fl.  dfM. ). 

Ixn'dVN  SENN.e  CoMPO@lTUM  (Black  Pratight)  eontiiins  aennu,  mannn, 
(ue^ium  sulphate  and  fennel,  60-120  c.e.  (2-4  fl.  or,.). 
SrarpnaSESN.fi,  4-16  c.c.  (1-4  fl.  drs.). 

Hmna  is  also  contained  in  the  compound  syrup  of  sarsaparilla  and  in  the 
ooiDpound  liquorice  powder. 

SctiQit  in  often  admiui^^tere*!  as  a  simple  infusion,  seuna  t«a,  a  teoapoonful 
of  ih«  Inves  being  used  in  a  cupful  of  water. 
B.  P.— Senna  Alexandxina,  the  dried  leaflets  of  Caaaia  acatifolia. 
iwiiu  Indira,  Tiniiivt-jly  senna,  the  drieil  leaflets  of  CuRsia  angustifolta. 
'Hkcti'RA  Sennx  Composita.  formed  from  senna,  raisins,  cuniway,  and 
enr^ntlrr.    X-\    fl.  dr.  for  n^peated  admiuiiit ration  ;  2-4  fl.  drs.  fur  a  siuglu 
■'  ■        ^n. 

■^K\SJEf  J-2  fl.  drs. 
i>ft'  ''oncentratua^  J-1  fl.  dr. 

Lxn  -  N  t.  l-l  fl.  o/-.;  as  a  draught,  2  fl.  oz. 

FRA  r-h     v  y.  ("OMPU!*iTA  (Bluck   I>raught).  formed  from  magnesium 

ti<4ii..ii>i     •■(imtK>und   tincture   of  cardamom,   aromatic   spirit  of 

atid  iufu-siou  of  senna,  4-2  fl.  oz. 

CMrnDcno  8bkn.£,  formed  of  senna,  coriander,  figs,  tamarinils,  caffria, 

i*a,  liquorice,  and  sugar,  60-120  grs. 

I*  **  P. — Aloe,  the  intipisiuitc<l  juice  of  the  leaves  of  aevenil  fmedea  of  aloa. 

•ieaia,  nltm  from  which  insoluble  inipnrltie«   have  been  removed, 

MsUum^  a  oeutral  principle  obtained  from  aloea,  0.05-0,2  G.  (1^4  grs.). 

EXTEAcn  M  Au«t>^  ((.l-O.-'i  G.  (2-7  gfs.). 
I^OTLJK  AU»»S  1-^  pillA. 
['■Plurui  Au>Bi  rr  FEmni,  1-5  pills. 
•AU*  Jim  €t  Mo^irh^,  l-n  pitU. 

^    '    Ahm  ti  Myrrktx,  1-5  pills. 

AUv  JMrntirm  (^mptmitrw  (aloin,  strychnine,  lielliulnnna  and  ipecactuuiha), 

Twcnnu  Aloes.  2-8  ct  (^2  fl.  dn,). 
Tmftmm  AJoa  H  Myrrha;  S-«  c.c  (|*2  fl.  dn^). 

Ahm  ia  aim  ooateiiMd  in  coBk|MMitwl   rhubarb  pill,  eompoand  extract  of 
~  tinctnre  of  bcnxoto. 
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B.  P. —Aloe  BarbadensU,  the  juice  of  A.I0C  vvth  and  other  spedcfl,  B»r 
badofrt  Aloefi  nr  Curav^a  AIoch,  2-5  jcrs. 
^/o«f  Socotrina,  thi*  juice  of  Aloe  Ferryi,  SoGotriue  or  Zanzibar  Alots, 

tAhinumy  ^-2  grs. 
KxTBACTiM  Aloes,  1-4  grs. 
PiLULA  Au»KB,  4-8  ^fra. 
PUuia  Ahi^  Socotrinx^  4-8  grs. 
PiLFLA  Aloes  et  Fkuri.  4-8  grs. 

PiLULA  ALOEri  ET  AhAFRTIP^.  4^-8  gTS. 

PUula  Aloea  et  Mtfrrhx,  4-S  grs. 

TiKtTURA  Ai-OKs,  i-l  U.  dr.  for  repeated  doses;  for  a  single  dose,  lj-2fl.<lr«- 

Decocttiin  Aloea  Comfuvtituta  Taloe^t,  in>Trh,  nailron,  potassium  ciirbonul^v 
liquorice,  ci>m]>ound  tim'lure  of  cardamom),  i-2  fl.  oz. 

Aloes  is  also  contained  in  the  compound  extiuct  of  colocynth,  oompfiun*^ 
coiocyntli  pill,  pill  of  oolo<*jTith  and  hyoiM-yamus.  compound  ^imUogc  pill» 
compnuii'l  tincture  of  Iwnzoin  and  compound  rhubarb  pill,  dome  of  th^ 
prcparati^jurt  arc  directed  to  Im'  made  from  Socotrine,  others  from  Barbaflof^ss 
aloes,  but  there  is  really  no  dilfercnce  in  the  elfcctH. 

U.  S.  P.^FrangiUa,  Buckthorn,  tlie  bark  of  Rhamaus  fVangula,  collede*! 
at  least  one  year  l)efore  being  uaed. 

Ffuitlrj-frttctum  FranffiUie,  1-2  c.c.  (15-SO  minn. ). 

U.  S.  P. — RhamnuB  Purshiana,  CaiicHru  nagruda,  the  bark  of  RhatnDO* 
Purshiuna. 

tKrtractuni  Rhamni  PurnhianfF,  0. 2r»(i.  (4grs. ). 
J^ititlfutrnrtum  Rhnmni  fStrxhiaiur  AntM'Uu'um,  1  c.C  (16  mins.). 

FLUlDEXTRArriM  HiiAMNi  Pi'RMtiAN.E,  1  C.C.  (Iftmins,). 

B.  P. — Gascara  Sa^ada,  the  dried  bark  of  KhamuuB  Purshianus. 

Kjiracttim  Ourarre  iSiit/railtr,  2-8  gru. 

ExTUACTUM  Cascah.«  Saouah-k  Liqcidcm,  J-1  fl.  dr. 

S'jrupiiK  i'n«cnrvr-  Stitp'aJ/r  Arvtimlieu*,  J-2  fl.  dr».  , 

Two  artificial  cf>iu|Kjun(la  of  r>xyiuithruquinone  have  recently  been  introduc^^ 
under  tlie  naitutt  at' pHnjitfin  an<i  exotUn.     They  an^  quite  insoluble  in  water  aii^ 
tiuteless  l»nt   arc   dccoiaposiHl    in    the   inte«tiiie  and  act  there    like    the  othe^-^ 
purgatives.  Up  which  tlicy  do  not  seem   superior.      F*urgutin  colon*  the  urine  rod-' 
Do»e,  0.5-1.0  U.  (H-i-^  grw.),  in  friable  tableta  or  autiitcudcd  in  watex. 

Of  these  numerous  preparaHon.s,  the  most  extensively  prescribed  ar^ 
the  pills.  Tlie  fluid  [)rcparations  have  mi  uiipleuHunt,  hitter  ta.ste,  and 
urc  therefore  less  used,  unless  when  disguised  by  the  addition  of  sugar 
or  volatile  oils.  The  HvrupH  of  rhubarb  and  senna  are  often  admin- 
istered to  chililren,  a[i<l  the  eonfeelion  of  senna  and  the  coin{x)und 
liquorice  powder  are  al.-^o  ple^.sant,  easily  taken  preparations.  The 
compound  infusion  or  mixture  of  senna  and  the  ettniponnd  rhubarb 
pr>\vder  are  ohl  and  tried  preparations,  in  winch  the  virtues  of  the 
vegetable  purgative  are  eombiniHl  with  those  of  a  saline  enthartic  and 
autaeid  res|^«>ctively  ;  they  are  both  possessed  of  a  harsh,  unpleasant 
tasti\  Frangula  is  comparatively  rarely  used,  but  the  fluid  extract  of 
cascara  nagrada,  which  is  practically  identical  with  it,  is  a  very  |K>pular 
remedy  in  habitual  constipation. 

Pure  GliT7saphamc  Acid  is  not  adapted  for  use  as  a  purgative,  as  even  in 
d(»scs  of  0.3  (t.  it  fails  to  increase  the  peristalsis.  A  compound  of  chr>-5o- 
phanic  acid,  Chryaarobiu  (<-'*,^-.-<P:)i  ^"*  found  employment  as  an  application 
in  some  forms  of  skin  disease,  esiK^tially  ia  psoriasis,  in  which  it  is  often  of 
marked  benefit.  It  is  found  in  an  iminirc  form  {Goa  powder)  in  cavities  in 
idira  araroba,  a  tree  growing  iu  India  a.nd  Brazil,  and  is  isolated  with 
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ritive  ease;   it  fnnnn  chn^'aciphanic  acid  when  it  ih  nxidi/cil.     Chrysu- 

u  \»  muuh  moi'e  imiant  than  chrysuphuDii*  aeiil,  unci  iipplitMl  to  the  «tkiu 

a  ouuccotrated  funn.  ur  in  ttuscoptibic  pei'suns,  auisi>H  it^hinp,  rLHlne8.s  and 

Bwellini;,  loss  frequently  papular  or  pustular  eruption;^  ;  the  skin  and  rlotli- 

\og  a***'  fttain**d  a  reddish-l»ro\vn  color  where  it  U  applied.     When  swallowed, 

chry^tarohin  nct8  ah  a  gafllro-intestinal  irritant,  causinij;  vomiting  und  pur^* 

Ing ;  some  of  it  is  absorbed,  and  in  its  eseretion  by  the  kidneys  canses  in  the 

rabbit  nephritis  with  ulbuuiin  and  even  blood  in  the  urine.      In  man,  alight 

ftlbnminuria  !uw  l»een  olwerved  in  some  instances  after  it«  application  to  the 

skii);  in  animals  the  epithelium  of  the  renal  tuhnlcs  has  been  found  to  be 

nrmi^'d.  the  glomernli  Ix-ing  les.s  frequently  afleeted.     It  was  anticipat<?d 

Uuit  it  would  undergo  oxidation  to  cbrysophauic  acid  in  the  body,  and  this 

fatrno  for  s  part  of  that  absorbed,  but  most  of  it  passes  through  the  tissues 

Afdhmmbin,  on  artifirial  derivative  of  alizarin,  was  advised  at  one  time  as 

bslitiite  for  chrysarobin  and  ehrysophanic  arid  in  the  treatment  of  |u«ori- 

•ad  other  fornix  of  skin  disease,  but  its  vaUiu  hu»  been  disputed  and  it  \a 

pmtivcly  seldom  used  now.     Tyrogallol  apparently  arts  in  the  eame 

Tiy  in  jMiria^iH  im  ohryflarohin,  and  the  cfl'eet  hiw  in  each  ease  been  attrib- 

Btftitnthe  withdrawal  of  the  oxygen  from  the  dise4u*ed  skin. 

Ar&roba  (B.  P.),  or  Ooa  powder,  a  sultstanee  found  in  eavities  in  the  trunk 
uf  AiKlim  arun.>ba,  free  fK)m  fragmeut^^  of  wood,  dried  and  powdered. 

Cy^robinum  (B.  V,),  a  subBtance  obtained  from  Araroba  by  extrarting 
vidi  hot  rhlornfiinn,  and   evaporating.      It  con^irit^^  for  the  moHt  {utrt  of 
clir\>fln>bin.  but  coiitainn  Home  ehrjsophanic  acid. 
raj/umfitm  Chrynarobini  (B.  P.),  4  per  ecut. 

Chrysarobin  is  iiaod  in  skin  diseases,  especially  in  psoriasis,  in  which 

it  18  applitn]  iu  ointment.     Chrysopluinie  acrid  might  l>e  tiscd  also  for 

'      '  i[)o**^  were  its  isfdation  not  attended  with  such  oxponso.     Some 

"M  li:i8  aris4*n  fmm  chryHarobiu  having  Ix'en  at  fir^t  supposed  to 

l>ecl)rys»phunic  ucid. 

3.    The  Jalapin  and  Colocynthin  Group. 

The  iJiini  group  of  the  vegetable  purgatives  comprises  a  number  of 
f*abtKiP  ghiciHiiles  and  acidn,  whu-*e  inon*  intinmtc  chenncrd  ftructui^*  is 
uoknovrii,  tiu»ugh  a  muiuIkt  of  them  apjK'ar  to  be-  niiirly  relatwl  cliemi- 
'slly.  H^tihut  it  is  (Kissibk^  that  they  all  contain  a  cornmon  nidicle  like 
Wirmcuibcrs  of  tlie  anthnuMue  gnnip. 

Jilftp  resin  contains  two  anhydride  glueopides,  Conrofvutinutu}  Jalapin,  the 
wUt  iinly  in  very  small  (piuntity.  ^•amraony  consists  very  hirgfly  of  ./«/«- 
fin  '>^<v'-Miigcucuml>er4-ontuiusa  resin  (elaterium),  the  active  principle  of 
*■'  <Wn,  another  anhydride  of  whieh  little  is   known.     Ptwlophyl- 

'fi-. ....,;... 1.^  two  ihoineric  glueosidcs,  Podoiihi^/iutoxin  and  Pifropinlvphyitin 
^^\s^J^^'  OanUwige  owe**  it**  artivily  to  CavtJnu/ic  acUl.  whieh.  however,  is 
'ftwIiiWe,  und  rieldmn  act*  unlena  it  \fi  accompanied  by  the  inactive  iKMlion  of 
'Wrrndr  drug.  Coforyuthin  ic^  a  glueosidc  oceurriug  in  the  rolocynlli  fruit, 
toJ  fonn«  i'itlorynihrin  and  sugar  when  treated  with  acids.  CokKrynthein  is 
to  bf-  even  more  irritant  than  eohx  yiithiu.  Bryony  <*ontains  two  glueo- 
Rn/OHin  and  Itrifonidin,  of  whjih  tlu*  latti-r  is  the  more  active.  Irf-p- 
ow*-*  ii-«  activity  t^i  a  resinous  glueosidc,  Leptamlrin,  cnonymus  to  a 
ronymin.  Many  other  plants  contain  similar  resinous  purgative 
id  some  of  these  are  used  as  remedies  to  some  extent,  lait  •^o 
of  their  properties  and  they  arc  so  seldom  employed  that  ilicy 
be  ocnhted  here. 


Action, — ^Theae  substances  are  in  general  much  more  powerful 
any  of  the  other  purg:Uives  except  crotou  oil,  :in(l  are  therefore  chis;*^! 
along  with  the  latter  as  the  dnistic  purgatives  or  hydra^)giie  cathar- 
tics.    In  small  quantities  they  cause  evacuation  more  rapidiv  than  tlie 
anthracene  purgatives,  and  in  somewhat  larger  doses  produce  profiL-* 
watery  stools  with  much  pain  aud  often  tenesmus.      In  cases  of  p.:ifM)D- 
ing,  the  bowel   undergoes  acute  inflammation,  and   blood   is  passed  in 
the  stools,  which  often  contain  Khnxls  of  epithelium    from  llie   walk 
The  irritant  action  is  not  confined   to  the  lx)wel   apparently  for  tlieir 
administration  is  sometimes  followed  by  uneasine^^  in   the   stomarli, 
and  occasionally  by  nausea  and   vomiting.     On   the  other  hand,  imxl- 
erate  quantities  arv  said  not  to  induce  colic  so  frequently  as  someofi 
the  anthniceue  purges. 


Several  of  these  resinous  pnrges  are  irritant  to  the  skin  atid  especiaUy  Mr] 
the  imu'oiiH  membranes  of  the  eye,  nose  uud  throat.  Thus  jalap,  f«-Miophyl-^ 
lum  utid  folocynthin  all  cause  |>ain  and  irritation  when  lht'_v  are  applied  t<^ 
the  no.strils  in  fine  powder,  and  podophyllum  has  been  used  as  a  skiu  irr^' 
taut. 

The  presence  of  bile  in  the  intestine  increases  the  purgative  action  of  ^' 
most  oil  these  bodies^  and  in  fact,  seems  absolutely  necessary  for  the  ueti*-^* 
of  most  of  them.     Some  of  them  itniucc  purgiitiim  wht'n  injected  hy]j<Hlcrwictdi^' 
and  thia  efre4:t  is  not  prevented  by  iho  ahsi^nce  of  bile  in  the  intt^tine. 

PodophylloLoxin   and  colocynthin  cause  purRution  when  injected  subcc-^' 
ta  neon  sly  ;  this  is  probably  owinjc  to  their  excretion  into  the  iiowel   as  tb  "^ 
fornuT  has  been  detected   in  the  fteees  after  this  nu-tho<I  of  adminislratiot^- 
Podophyllotoxin  canses  glomerular  nephritis  and  hemorrhages  into  variou^^ 
orgiuiH  when  administereti  hypodermically  or  intravenously  in  large  qunnti^^ 
ties,  and  when  added  to  blood  in  a  tcst-tulte,  it  causes  the  formation  of  met^-^ 
hjemoglobin  in  the  eor|mRcles.     It  has  been  Baid  to  have  a  deprcR^ant  action 
on  the  eeniiu!  nervous  system,  but  this  is  probably  a  result  of  the  shock  and 
hemorrhage  produced  by  its  intestinal  oetiuji.     Culoej'nthin  is  said   to  cause 
renal  inflammation  whrn  applied  subcutaneously  or  taken  interuallv,  iiii^H 
even  when  the  powder  is  inha]e<I  during  its  manufacture.     Jalapin  and'con^H 
volvuliu  given   by  the  mouth  canno!  he  found  in  the  fa-ces  or  nrine,  and  art* 
therefore  supposed  to  undergo  partial  or  complete  oxidation   in  the  bod  v. 
C'onvolvHiin  is  found  in  the  urine,  liowevert  when  it  is  injected  intrnve'a- 
ously^  and  no  purgation  follows  Ihia  mefhoil  of  administmtion  ;  so  that  it 
prohuble  that  convolvulin  is  decomposed  in  the  bowel  when  it  is  adniiui 
tered  internally. 

Kuoiiymin  ha«  the  same  L-tTect  on  the  heart  as  digitalis,  and  will  be  men- 
tioned along  with  it,  although  it  has  a  mild  purgative  action  and  is  used 
chieDy  as  au  aperient. 


Preparations. 


ly- 

ii»^| 

?n- 
ied 

4 


Oolocynthis  (T.  S.  P.),  colocynth,  the  fruit  of  Citrullus  Colocynthis 
privt'd  of  its  ritid. 
Colocsmthidis  Pulpa  (B.  P.),  the  dried  pulp  of  the  fruit  of  Citrullus  Colo- 

eynthiri  freed  from  seeds. 

Exiracium  Colmtjathidin  (IT.  S.  P.),  0.1-0.3  O.  (2-5  ^v^.). 

E.XTBACTUM    COLOCVNTUIUIS   COMPOSITVM    (I'.    B.    P.,  B.    P.)  (cOutAluing 

colocynth,  aloes,  seammony  aud  cardamom).  O.iJ-1  (i.  (3-15  grs.). 
Colocynthin,  5-10  mg.     (Not  pharmacopanal.) 
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rHARTir.t:  Comi'ohit^  (IT.  8.  P.)(cr>iii|K>und  extniclof  colocyntb, 
punlioge  and  enlompl),  1  pill  ftft  laxative;  H  as  (inwtic  purjralivo. 
'Ux.  CAxnARTicK  Veoetabiles  (U.  S.  p.)  (contain  i'<mip«)und  extract 
cynih,  jnliip,  loptAudra,    p*3dophylluui,   hyoscyamus  and  oil  of  pepper* 
1  pill  AA  liixntivc  ;  3  as  drastic  purgative. 

'LA   CoixirYN'THiFils   CoMPosiTA    (R.   P.)  (cnlocyiilli,  Burbudoes  aloen, 
Boy  reain,  p(»tai«iiiDi  sulphate  and  oil  of  cloves),  4-S  gra. 
ruL  CoLocYNTUirntJ  ET   Hyoscyami  (B.  P.),  (com|M3und   pill  of  colo- 
kod  extract  of  hyi:)«cyaniUM),  4-S  prs. 

tphyllnm  i  U.  S.  P. )  Podophylli  Rhizonia  f  B.  P.),  Uie  rhizome  and  roots 
ophvllum  iK'ltatuni. 

iexfractum  J'oiiophylU  (U.  S.  P.),  0.3-1  c.c,  (5-Ift  minp.). 
5A  Podophylli  "(U.  9.  P.),  Podophylli  REaiNA  (B.  P.),  15-4J0  uigs. 

a  Podophylli,  Belladonna  el  Otpnci  (IT.  8.  P.),  1  pill. 

TUBA  POWOPHYLLI  (B.    P.),   .Vlfi  DlinH. 

pktflim  varies  considerably  in  composition,  and  mipflit  to  be  avoided. 

phyiloioxin.      5-10  mjp*.      Neither  uf  thesM?  if*  ]dKtnmit*fip(i;ial. 

pa  (U.  8.  P.,   B.   P.),  the  tuberous  root  of  Ipomtm  Jalapa,     0.3-1  G. 

».). 

actum  Jalapa  (B.  P.),  0.1-0.5  G.  (2-8  grs.). 

OCA  Jalaps  (U.  S.P.),  Jalaps  Resina  (B.  P.),  0. 1-0.3 G.  (2-5  jfrB.)- 

VIS  Jalap  .IS  Compositus  (U.  8.  P.,  B.    P.)  contains  jalap  aud  bitar- 

f  potash.     1-4  G.  (15-60  jcrs.). 

iura  Jalapte  (B.  P.),  J-1  fl.  dr. 

amonitmi  (U.  S.  P.),  a  resinous  exudation  from  the  lixing  root  of  Con- 

08  Scainmonia. 

na  Srummoniit  (V .  8.  P.),  0.2-0.5  G.  (3-8  ^rs.). 

'. — Scammonue  Radix,  Scammony  root,  thti  dried  rootof  CoDvolvuliia 

LoiiLa. 

imonium.  a  gum  resin  obtained  from  the  ficammoiiy  root,5-10  grs. 

imonite  Retina^  3-8  grs. 

n^  ScAMMONiJi:  Compobita  (containB  jalap  and  ginger],  4-8  grs. 

M  Srammonii  Compoaitua  (contains  jalap  and  ginger),  10-20  grs. 

amony  is  also  contained  in  the  i-ompound  colocyntli  prejuimtions, 

lymuB  (U.  S.  P.),  Euonymi  Cortex  (B.  P.),  Wahoo,  tho  dried  root- 

f  Euonymus  ulropurpureiis. 

ietum  Euonymi  (U.  8.  P.),  O.U5-0.2  G.  (1-3  grs.). 

■W»»i  Etumyini  Simim  ( B.  P.),  !-2  grs. 

dtrinu'ftim  Euonymi  il'.  S.  I*,),  0.5  c.c.  (8niins. ). 

MOrinitm  (U.  S.  P.,  B.   P.),  C\^Hj,0.,,  a  neutral  principle  obtained  from 

um,  a  substance  deposited  by  tlit*  juice  of  the  fruit  of  Kcballium  Ela- 

i  (squirting  cucuml>er).     1-5  mga.  (jV-r'a  gf-)- 

uratio  Klaterini  (U.  S.  P.)  (one  part  elaterin  in  9  parts  sugar  of  milk), 

mgs,  (}-l  gr.). 

sriitm  (B.  P.),  varies  in  strength,  -^-l  gr. 

Hs  Etai^rini  Cbtnpoaitua  (B.    P.)  (one  part  elaterin  in  39  parts  milk 

ibogia  (U.  S.  P.,  B.  P.),  Gamboge,  a  gum  resin  obtained  from  Garciuia 

iuii. 

Ja  Qsmbogix  OompotUa  (B.  P.)  contains  Barbadoes  aloes  and  cinuamon. 


tandrft  (U.  S.  P.),   Culver's  root,  the  rhizome  and  roots  of  Veronica 

lea. 

roc/um  UptanrirtB  (U.  a  P.),  0.1-0.2  G.  (2-4  grs.). 

turn  Leplandnx  (U.  8.  P.),  2-4  c.c.  (80-60  mins,). 
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The  additiou  of  purgatives,  soch  ascautor  oil,  and  of  bile  to  the  oi  _ 
enemuta  has  been  praotifwl  for  many  ywirs,  but  Kohlstock  ha§  recel 
<lrawu  atU*ution  to  Iho  use  of^Jiirgntives  by  en^nia  with  only  l->3  teaspoon] 
of  fluid.  The  large  U4itvr<cnema,  conrainiug  a  pint  or  more  of  fluid,  I 
mainly  by  distending  the  bowel  and  thus  setting  up  peristalsis,  alUioa^ 
soap«i,  suit  and  other  »milar  bodies,  which  are  often  added  to  it,  may  }ii 
an  irritating  efiect  in  addition.  In  the  small  enema,  however,  diatentl 
playa  no  i>art,  the  movement  being  elicited  by  the  irritant  action  of  the  dn 
Kohlstock  found  that  oolocynthin  (0.01-0.03  G.),  aloin  (0.4-0.5  O.),  a 
catbartinic  acid  (0.(i  <>.)  dU»olved  in  glycerin  cau.sed  purgation,  colocyntJ: 
acting  in  ^-2  hn*.,  aloin  in  2-12  hrs.  and  cathartinic  acid  in  1-6  hrs.  T 
two  latter  were  certain  in  their  effects  only  in  cases  of  moderate  constipatia 
Ue  attributes  their  action  to  absorption  fi\>m  the  rectum. 
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m  VZQETABLS  ASTRINGENTS  —  TANNIC  ACID  SERIES. 

\  lir^  nuiuber  of  vegetable  snbsUinres  owe  their  action  to  their 
mobintng  tannin  Hubstancest,  while  in  many  other  preparations  the  ef- 
fect of  more  important  constituents  is  modified  by  the  presence  of 
Unsp  widely  distributed  Ixidi**.  Tannic  arid  pr(i|>er  is  derivefi  from 
t)tr  ttik  gall,  and  seems  to  consist  of  an  anhydride  combination  of 
pllicacid,  into  which  it  is  very  easily  decomposed,  probably  according 
iM  the  following  equation  : 

Tannic  ««1(L  Gallic  Mid. 

VI,(OH),CO— 0{OH),CiH,COOH  -|-  H,0==2C;H,(0H,)C00U. 

Oallip  K»\  is  formed  from  a  large  number  of  other  bodies  which 
cloeely  rwcrable  tannic  acid  in  their  general  features,  but  are  by  no 
tMMi  idcnticul  with  it.  Their  constitution  is  altogether  unknown, 
but  they  possess  a  number  of  reactions  in  common  and  are  generally 
claoed  tog^'ther  as  the  tannic  acid  substances.  Some  of  them  contain 
tiugw,  aud  tannin  or  tannic  acid  is  therefore  sometimes  said  to  be  a 
iJooQRde.  These  bodies  precipitate  albumins,  gelatins,  alkaloids  and 
•wwglMt-osides,  and  the  8alt«  of  the  heavy  metals.  The  salts  of  inin 
forma  bluish-black  or  greenish-black  precipitate,  and  an  attempt  is 
•wttf'limts  made  to  divide  the  forms  of  tannic  acid  by  this  rcuction, 
but  ihcy  may  be  better  indicated  by  their  origin,  as  kinolannic  acid 
fifwn  kino,  catechutannic  acid  from  catechu,  etc. 

Action.  —  The  pharmacologital  effects  of  these  bodies  are  due  to 
^^  precipitating  albumins  and  other  proteids^  and  this  reaction 
n»*y  llKTefore  l>e  describi**!  tx^fore  their  action  in  the  bmly.  If 
tturaicflcid  solution  Ik*  added  to  a  neutral  solution  of  albumin  or 
pl>tin,  n  white  precipitate  falls,  which  is  entirely  insoluble  in  water, 
»ot  is  goltihle  in  excess  of  albumin  or  gelatin,  in  acetic  or  lactic  acid, 
•'w  in  alkaline  solutions.'  8ohitions  of  |>epsin  and  of  peptones  are  also 
prpcipitat*Nj  by  tannic  aci<l  unless  in  the  presence  of  an  acid.  If  pro- 
l"^"!  Uimate  be  exjxwed  to  the  action  of  the  gtistric  juice  it  undergoes 
^B«ti(tt  and  \a  diseolvcd  in  the  same  way  as  an  ordinary  coagulated 
P*******!  SPoh  as  fibrin.  During  the  prcicess  the  tannic  acid  is  set  free 
fwtn  ite  combination  apparently,  and  can  precipitate  undigested  pro- 
"WStlthough  it  has  no  ctfcct  on  the  peptone's  in  tlie  acid  milium. 
"MB  t  Ktluble  tannate  is  forme<J  by  the  adtlition  of  «Kla  or  potash  to 
■  tinnioucid  siilution,  the  presence  of  protcida  produces  no  precipitate, 
"*iffinitie»  of  the  acid  Iwing  satisfiini  by  the  ulkaH,  and  f(tr  the  same 
W^Jd  the  tannic  acid  precipitate  is  dissolved  in  the  presence  of 
fliktiim. 

TuniG  acid  applied  to  animal  tissue,  as  in  the  tanning  of  leather, 
cunesA  precipitation  of  the  proteids,  and  the  tissue  becon»es  liarder 
ttdtoogher  and  tends  to  shrink  together  ;  at  the  same  time  it  has  less 
fepdcDc^  to  undergo  putrefactive  changes  and  does  not   lose  its  flcxi- 

'SoiD*iSLacr«paDriai  in  tho  acrountA  of  difTerent  aiilhon  in  rcRiird  to  thct«o  reactiona 
ft  pcrlapi  due  lu  TArintiuno  in  tlic  ttmount  uf  tbc  iti'utral  salla  Iti  tlicir  prepamtioiu. 
W  gnr'*T**  ipTcn  hy  Lewin  hna  been  followed  in  the  tezu 
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Vvility,  as  it  would  in  drying.     Strong  soIutioiiB  cause  an  imroedi&te 

<3ense  precipitate  of  the  proteids  on  the  surface  and  prevent  the  further 

penetration  of  the  coagulating  fluid,  while  the  more  dilute  eolutions  are 

believed  to  penetrate  more  deeply  and  thus  to  cause  a  more  complete 

precipitation  of  the  proteids  of  the  tissue. 

Tannic  acid  solutions  have  a  harsh,  bitter,  "astringent"  taste  and 
produce  in  the  mouth  a.  feeling  of  constriction,  dryness  and  rough- 
ness, along  with  a  sense  of  stiffness  in  the  movements  of  the  tonguCi 
and  some  loss  of  taste.  These  effects  are  due  to  the  coagulation  of  the 
superficial  layers  of  proteid  both  within  and  without  the  epithelium, 
Avhich  substitutes  for  the  ordinary  smooth  surface  a  firmer,  less  even 
one,  over  which  the  tongue  can  no  longer  move  easily.  The  feeling 
of  constriction  may,  perhaps,  be  caused  by  an  actual  shrinking  of  the 
superficial  layers  of  the  epithelium,  or  may  be  due  merely  to  the  im- 
paired movements  and  sensation. 

The  astringent  feeling  is  continued  in  the  throat  as  the  solution  is 
swallowed,  and  occasionally  some  discomfort  or  even  nausea  and  vomit- 
ing are  provoked  by  it,  but  as  a  general  rule  no  such  effects  are  observed. 
The  stools  are  rendered  harder  and  firmer  by  the  administration  of 
tannic  acid,  and  constipation  is  of\en  produced  by  it.  In  excess,  tannic 
acid  sometimes  causes  irritation  of  the  intestine  and  diarrhoea,  but 
beyond  these  symptoms  of  local  irritation  of  the  stomach  and  bowel, 
no  effects  arise  from  even  enormous  quantities  of  the  drug. 

In  the  stomach,  tannic  acid  combines  with  any  proteid  substance  with 
which  it  may  come  in  contact  and  precipitates  it,  but  as  digestion  pro- 
gresses, this  combination  is  broken  up,  as  the  peptones  do  not  combine 
with  tannic  acid  in  acid  solution,  and  the  astringent  action  is  therefore 
exercised  on  the  walls  of  the  stomach  and  intestine.  Ordinary  quanti- 
ties cause  the  same  superficial  coagulation  as  in  the  mouth,  but  if  large 
doses  be  given  when  the  stomach  and  intestine  are  not  protected  by 
foodstuffs,  a  more  complete  coagulation  of  the  mucous  membrane  takes 
place  and  the  consequent  irritation  results  in  vomiting,  and  sometimes 
in  diarrhoea.  The  increase  in  the  consistency  of  the  stools  is  probably 
due  to  the  layer  of  coagulated  proteid  acting  as  a  protective  to  the 
bowel,  lessening  its  irritability  and  thus  retarding  its  movements,  so 
that  there  is  longer  time  for  the  absorption  of  the  fluid  part  of  its 
contents,  although  this  proceeds  more  slowly  under  tannic  acid  than 
normally  (Gebhardt).  Yeasts  and  microbes  are  precipitated  by  tannin, 
and  this  may  tend  to  lessen  the  fermentations  in  the  bowel  in  some 
cases,  although  some  preparations  of  tannic  acid  which  have  been  ex- 
amined in  regard  to  this  point  have  been  found  to  have  little  or  no 
effect  on  intestinal  putrefaction. 

The  local  application  of  tannic  acid  causes  a  diminution  of  the  se- 
cretions of  glands,  as  has  been  demonstrated  by  Schfitz.  This  is  due 
to  its  effects  upon  the  protoplasm  of  the  secreting  cells,  which  probably 
undergo  the  initial  stages  of  coagulation. 

It  was  formerly  believed  tliat  tannic  acid  caused  constriction  of  the 
vessels  of  any  part  to  which  it  was  applied,  but  some  doubt  has  been 


] 


VEGETABLE  ASTRiyOEyTS—T.lNNIC  ACID  SERIES. 


Ill 


throim  on  tbb  by  the  expcrimcDtul  roHiiltf.  nhUiintid  by  Rosenslirn  and 
oiIkts.  Ht'inz,  the  most  recent  writer  on  the  subject,  found  tliat 
aolutiuas  of  tannic  acid  of  \es3  tirength  than  A  per  cent,  caused  con- 
striction of  the  luesenterio  vcssiels  of  the  frog  or  rabbit  when  applied 
dirvctly,  while  more  roncentmted  solutions  caused  transient  constric- 
tion followed  by  dilation.  Another  local  eft'w.'t  pnxiuccd  by  tannic 
«(i<li8socn  in  the  cessation  of  the  movements  of  the  lencoeyte.s  in  the 
d<«tM«3niuud  the  point  of  application  and  tlic  arrest  of  their  diapedesis 
(hniiifrh  die  walla  of  the  vessels. 

Wltt'ii  tannic  acid  comes  in  contact  with  blood  in  a  test-tube  it  pre- 
(ri|»ii.i|fs  (lie  albumins,  and  wheu  it  is  iojei.^rcd  intravenously,  the  preci|>- 
itaU*  formed  leads  to  the  formation  of  emboli.  The  alkaline  t;innates 
irepniprnlly  lM'liev<Hl  to  be  entirely  devoid  of  astrin^-nt  etfectSj  unless 
wlieothc  tannic  acid  is  freed  from  the  combination  by  the  presence  of 
unaejj,  but  a(*<:ordinf^  to  Heinz  and  Gottlieb  the  jistriuf^cnt  action  is 
only  wi*akcned  and  not  entirely  removed  by  combination  with  the 
olltoliei. 

The  (kte  of  tannic  ;ieid  in  the  body  hna  given  rise  to  some  discussion. 
Wlicii  it  is  taken  internally  a  smalt  proportion  is  sometimes  eliminalod 
by  llie  howrl  unchanged,  but  very  often  none  is  to  be  found  in  the 
*tooU;  traces  are  apparently  absorbed  and  exeretetl  in  the  urine  as  »>- 
diiini  tunnate  in  Ixith  man  and  animals,  although  some  investigators 
ivp  foiled  to  detect  these.  M^hen  stxiium  tannate  Is  administered  in- 
lally,  a  di^linetly  larger  amount  of  it  is  absorljed  and  reappf^ars  in 
e  urine.  But  much  the  greater  part  of  the  taiinic  acid  is  dceom|>tised 
tbc  inlestine  into  gallic  acid,  some  of  which  often  passes  out  in  the 
I,  Mue  in  the  urine.  Only  about  one  per  cent,  of  the  tannic  acid 
WWtllowod  reapjM-'aru  in  the  excretions,  either  iis  t«ni»ie  or  gallic  acid  ; 
tt«t  apparently  undergoes  complete  oxidation  in  the  tissues,  for  no 
wr  trnee  of  it  can  be  found.  Afler  tannic  acid  is  administered, 
tannic  or  gallic  salt  is  present  in  the  blood,  for  iron  salts  give  a 
ccr  color  to  it,  but  it  is  impossit)le  to  state  whether  this  is  tannin 
^  a  pinat**,  although  in  all  probability  it  is  the  latter,  Ae«»r<liug  to 
iiack,  the  jrallie  acid  in  the  urine  sometimes  forms  pyrog-allol  on 
ding,  biit  this  poisonous  substance  is  not  formed  from  tjmuic  acid 
the  iute:$tinf*  or  tissues. 

Tonoic  acid  then  does  not  exist  in  the  tissues  as  such,  but  only  in 
f»rm  of  traces  of  the  gallate  or  tflnnnte  of  soila,  which  are  so  small 
tf>  Iw  devoiti  of  astringent  properties.  Tannate  of  soda  seems  to 
**ve  no  action  whatever,  while  gallic  acid  has  no  fnrther  properties 
tluD  other  weak  acids.  ThcH)retically,  therefore,  it  is  to  lie  expected 
"W  thf  eflToets  of  tannic  acid  arc  limited  to  the  point  of  application, 
ibcre  is  no  evidence  of  any  weight  that  it  exercises  any  action  after 
irption. 

I'win  *tntr«  thrtt  the  niuselt^s  of  the  frtig  are  altered  in  ehiHticity  after  the 
*'  'i(-  aoid  jiiilM'utnni'oasly,  hihI  an  old  observation  in  refordn*! 

*>  II  wiu*  HUpjKWL'd  to  vniderjti*  contraction  when  tunuic  «cid 

lAUouutolemi,  but  the  int* thods  adopted  render  these  observations  worth- 
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less.  Tannic  acid  is  often  said  to  lessen  the  albumiouria  in  certain  fornui  oT 
Bright's  disease^  but  the  only  exact  determinations  which  have  been  made 
in  man  showed  that  no  such  effect  was  present,  and  in  Ribberts'  experimeo^^ 
the  animals  were  moribund  when  the  improvement  occurred,  and  no  stf*^*^ 
deductions  can  be  made  therefore.  The  urine  is  sometimes  said  to  ^^=** 
diminished  by  tannic  acid,  but  this  statement  is  based  on  error.  Last  ^>1 
all,  tannic  acid  is  said  to  lessen  internal  hemorrhage  by  contracting  tl=^* 
vessels,  but  tannate  of  soda,  the  only  form  in  which  it  can  exist  in  the  blotf^'' 
is  entirely  devoid  of  action. 

Gallic  acid  given  by  the  mouth  is  absorbed  and  is  excreted  by  the  kidne^^ 
to  some  extent.  Much  of  it  disappears  in  the  tissues,  however,  apparentX  . 
by  oxidation.  The  excretion  of  uric  acid  in  the  urine  is  considerably  reduce-* 
by  the  administration  of  gallic  acid. 

The  numerous  preparations  of  the  pharmacopoeias  which  owe  the£r 
activity  to  their  containing  tannic  acid,  differ  from  the  pure  drug  in  that 
the  acid  is  only  slowly  dissolved  out  from  the  colloid  mass,  and  there- 
fore acts  less  on  the  stomach  and  affects  a  greater  length  of  intestine. 

Preparations. 

Acidam  Tannienm  (TT.  S.  P. ,  B.  P.),  tannic  acid,  gallotannic  acid  or  digallic 
acid  (HC„H,0,),  an  organic  acid  obtained  fh>m  nut  gall,  0.1-0.6  G.  (2-10 

grs.). 

Glyceritum  Acidi  Tannict  (U,  S.  P.),  Glycebinum  Acidi  Tannict 
(B.  p.). 

Unguer^um  Acidi  Tannici  (U.  S.  P.). 

Oollodium  Stypticum  (U.  8.  P.). 

Trochiaci  Acidi  Tannici  (U.  8.  P.),  0.06  G.  (1  gr.) ;  (B.  P.),  ^  gr.  in  each. 

Suppositoria  Acidi  Tannici  (B.  P.),  0.2  G.  (3  grs.)  in  each. 

Acidnm  QalUcum  (U.  8.  P.,  B.  P.),  gallic  acid  (HC,H,Og),  an  organic  acid 
usually  prepared  fh)m  tannic  acid,  has  no  astringent  properties,  nor,  in  faxi, 
any  qualities  which  render  it  of  value  in  medicine. 

Gambir  (U.  S.  p.),  an  extract  prepared  from  the  wood  of  Ourouparia  Gambirf 
IG.  (15  grs.). 

TiNCTUEA  Gambir  Composita  (U.  S.  p.),  (flavored  with  cinnamon),  4  c.c.  (1 
fl.  dr.). 

Trochisci  Gambir  (TT.  8.  P. ). 

Gambir  has  been  substituted  for  the  Catechu  of  former  editions  of  the  Pharma- 
copoeia. 

Catechu  (B.  P.),  an  extract  of  the  leaves  and  young  shoots  of  Uncaria 
Gambier. 

TiNCTUEA  Catechu,  |-l  fl.  dr. 

Trochisci  Catechu,  each  containing  0.065  G.  (1  gr.)  of  catechu. 

Pulvis  Catechu  Oompositus  contains  catechu,  kino,  krameria,  cinnamon  and 
nutmeg,  10-40  grs. 

Krameria  (U.  S.  P.),  Rhatany,  the  root  of  Krameria  triandra  and  of 
Krameria  Ixipa,  KrameriSB  Radix  (B.  P.),  the  dried  root  of  Para  Bhatany 
(Krameria  argentea?)  or  of  Peruvian  Rhatany  (Krameria  triandra). 

Extractum  Krameria  (U.  S.  P.,  B.  P.),  0.3-1  G.  (5-15 grs.). 

Fluidextractum  KramerioE  (U.  8.  P.),  0.5-4  c,c.  (10-60  mins.). 

Tinctura  Krameria  (U.  8.  P.,  B.  P.),  2-8  c.c.  (J-2  fl.  drs.). 

Syrupv9  Krameriee  (U.  8.  P.),  2-10  c.c.  (i-3  fl.  drs.). 

Liquor  Krameria  Concentratus  (B.  P.),  J-l  fl.  dr. 

Infusum  Krameria  (B.  P.),  J-1  fl.  oz. 

Trochisci  Krameria  (U.  8.  P.,  B.  P.). 

Trochiacus  Krameria  et  Cocaina  (B.  P.),  each  containing  ^  gr.  of  cocaine. 
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Some  inillvidiinla  are  [jeculiarly  ausroptihle  to  the  action  of  tannic 
afi<l,  which  imluces  local  irritulion  and  inflaminatiun  wherever  it  is 
.ip/jli«l  iu  these  coses. 
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IX.     ANTHELMINTICS. 

\nthelmintics  are  drugs  which  are  ustil  tu  kill  or  remove  intestinal 
worms.  They  poaeesa  no  such  mutual  reyemhlanccK  in  their  effects  as 
(in-  met  with  in  the  purgatives,  and  tlK'ir  arrangement  in  a  class  is 
llwrefore  artificial ;  at  the  same  time,  they  have  no  marke<i  affinities 
with  other  groups,  and  it  is  convenient  to  liavc  tliose  bodies  which  are 
tw^l  Mchiaively  for  this  purpose  placed  together. 

loonier  to  possv-ss  any  value  sh  an  anthelniinticj  a  drug  must^  of 
«>ars<'jaet  more  Htrongly  on  the  parasite  than  on  the  bo.st,  and  this  more 
'nicnse  effect  may  Ix;  attained!  either  by  a  s|)ecific  action  i>n  the  para- 
fitc,  or  by  the  drug  failing  to  be  absorbed  from  the  alimentary  canal. 
As  i  matter  of  fact,  the  anthelmintics,  with  the  possible  exception  of 
pflletierine,  Iiavc  no  such  specitic  action,  an<I  tln-ir  use  is  rendered  p4)8- 
siLle  only  by  their  slow  absorption.  In  this  point  tiiey  rcHjnibJe  the 
por^tives,  from  which  tiiey  ditfer,  however,  in  caii.sing  little  or  no 
irHtation  in  the  stomach  or  bowel. 

Amhelmintics  are  often  divided  into  vermicides  and  vermifuges, 
*ccor(]ing  as  they  kill  or  merely  cjiu.se  llie  expulsion  of  the  w(>rm,  but 
'^  thifl  is  tielermined  largely  by  the  ipmntity  which  comes  in  contact 
*ilh  the  parasite  and  the  rapidity  with  which  the  b<>wel  is  evacuated, 
^l*?  distinction  is  imaginary. 

Before  the  administration  of  an  anthelmintic,  the  bowel  ought  to  be 
^'Qplitxi  of  its  contents  as  far  as  pttssible  by  a  light,  easily  <ligr'sted 
'"et  and  a  laxative,  and  a  brirsk  purge  onglit  t(v  follow  some  hours 
«tCT,  in  order  to  remove  the  dead  or  ntupetied  worm.  The  anthel- 
'^iniir  is  often  prescribed  along  with  a  purge. 

A  uumlx^r  of  drugs  l>elongiug  to  other  groups  are  used  occasionally 
**inihelmintit^.  Thus  several  of  the  volatile  nils-.— tansy.  turp<'ntinc — 
W  some  reputation  ;  and  chlorol'onn  is  also  administered  occasionally 
")'tht  mouth  for  its  action  on  the  parasites,  but,  like  the  volatile  oiU, 
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is  apt  to  produce  gastric  and  intestinal  irritation.     The  less  ^^^Z^ 
absorbed  antiseptics,   such  as   naphthoic   have  been   used  Avith  S^'^T 
results,  and  thymol  is  regarded  as  a  specific  in  cases  of  uncinaria^*   ' 
Large  enemata  of  salt  solution,  or  of  infusion  of  quassia,  are  ^^^^ 
into  the  rectum  when  the  worms  infest   the   large  intestines.    T** 
anthelmintics  proper  may  be   divided  into  those  which  are  used  »^^ 
tapeworm,  of  .which  male  /em,  cusso  and  pomegranate  are  the  mO^ 
largely  used,  and  those  for  the  round  worm  of  which  santonin  is  tP 
chief.     Besides  these,  an  enormous  number  of  substances  have  be^** 
used  popularly  as  anthelmintics,  but  have  not  been  shown  to  have  ao^ 
advantages  over  those  more  generally  adopted  in  medical  practice. 


Male  Fern  (Aspidiom  Filix^mas). 

A  number  of  ferns  contain  bodies  which  present  considerable  re- 
semblance to  each  other  from  a  chemical  as  well  as  from  a  pharma- 
cological point  of  view,  and  which  may  therefore  be  classed  together, 
at  any  rate  until  further  information  is  available  regarding  them.  The 
best  known  of  these  is  the  male  fern  (Aspidium  Filix-mas). 

The  active  constituent  of  this  remedy  was  supposed  to  be  FUicic  Add  by 
PoulssoD,  but  Boehm  has  found  a  series  of  neutral  and  acid  bodies  prraent  in 
much  larger  amount — A^pidin,  Asptdinin,  Flavatpidic  Acid,  Alba^din  and 
Aiipidino{ — of  which  aspidin  is  contkined  in  largest  quantity  in  the  root  and  is 
the  most  important,  although  aspidinin  is  also  highly  poisonous.  A  number  of 
the^  constituents  have  been  shown  to  be  derivatives  of  phloroglucin,  and  it  is 
probable  that  they  are  all  closely  related.  The  therapeutic  and  toxicol<^cal 
effects  of  the  male  fern  are  to  be  attributed  then  to  aspidin,  aspidinin,  and  filicic 
acid.* 

Action. — The  extract  or  oleoresin  of  male  fern,  which  is  the  only  one 
of  these  plants  used  in  regular  medicine,  as  a  general  rule  passes 
through  the  bowel  without  causing  any  symptoms  whatever.  The 
quantity  of  active  substance  dissolved,  while  sufficient  to  destroy  the 
parasite,  is  too  small  to  produce  any  effects  on  the  host,  and  escapes 
with  the  other  contents  of  the  bowel,  or  if  absorbed  does  not  cause  any 
symptoms.  In  some  cases,  however,  where  large  quantities  are  admin- 
istered, or  where  some  unknown  conditions  fevor  the  absorption  and 
retention  of  an  unusually  large  amount  of  the  active  constituents,  grave 
and  even  fatal  symptoms  may  supervene.  These  consist  in  vomiting 
and  purging,  with  acute  pain  in  the  abdomen,  muscular  weakness, 
confusion  and  somnolence,  with  occasional  twitching  of  the  muscles,  or 
slight  convulsive  movements,  collapse,  coma  and  death.     The  stomach 

J  Xcnrly  related  bodies  have  been  found  in  Aspidium  athamanticum  (Uncomocomo), 
which  contains  two  forms  of  Pannic  Add.  and  in  Aspidium  spinulosum,  while  smaller 
quantities  of  acids  occur  in  a  lai^e  number  of  ferns. 

Several  of  these  ferns  enjoy  a  reputation  as  anthelminics  for  tapeworm,  and  their 
virtues  are  generally  considered  due  to  these  bodies,  although  Robert  maintains  Uiat 
it  is  partly  to  be  ascribed  to  the  fixed  or  volatile  oils  which  accompany  them. 
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ind  intestine  are  found  congested  aud  swollen,  and  sometimes  covered 
■with  ftmall  eccliyraoses.  In  some  civses  icterus  has  been  observed  to 
follow  the  adniinislrution  of  male  fern,  probably  from  the  duodenal 
oitairh,  but  possibly  from  destruction  of  the  rwl  blood  ecllji,  the  num- 
ber of  which  has  been  found  to  be  diminished  in  some  instances 
(Gcoipewsky).  In  other  cases  jKirmaaout  or  temporary  blindness 
tW  nrsultetl  from  neuritis  an<l  subse(]iii>nt  atrophy  of  tlie  optic  nerve. 

In  the  mbhit,  filidc  acid  pwKjuoes  ver>-  similar  fl>Tnptoms.  The  oonKePlion 
or  thi:' sU>mju'b  nml  intestine  is  evidently  due  tutlie  lut-al  irriuilion  prudiircd 
bj"  iht?  potsou.  while  the  other  symptoms  point  to  ehun^ceH  indured  in  Ihe 
c^nLral  nervous  sj-stem.  It  would  seem  probjible  that  the  spinal  cord  is 
alferiwl  ia  the  same  way  a^  by  Ktry<'hiiine,  for  the  rettex  excitability  iw  dis- 
tinctly iuereased.  The  higher  parts  of  the  ceutral  nervous  system  seem  to 
in*  fleprtsAi'd,  and  the  paralysis  of  the  respiratory  centre  is  the  cause  f»f 
(Iraitb.  althouji^h  the  heart  \s  also  weakened  by  lilicie  aeid.  Inflammation  of 
till.' kidney  is  suid  tty  some  authors  to  occur,  uud  iu  some  eases  Poulsson 
found  evidence  of  glyouronic  aeul  in  the  urine. 

In  the  fro^:,  n  mixture  of  depression  aud  stimulation  of  the  central 
t^rvmia  system  is  i)ro<iuced  by  filieic  aeid,  along  with  a  distinct  diminution 
in  the  strength  of  the  skeletal  muscles  and  the  heart. 

Afpidin  injected  into  the  frog  causes  dyspnoea  followed  by  paralysis  of  the 
leous  and  respiratory  movements ;  tibriUary  twitching  of  the  musclea* 

\\a  after  some  time  and  is  succeeded  by  eonvuUive  movements  or  tonic 
which  indicate  an  increased  aetivity  of  the  reHexes  of  the  spinal 
The  heart  is  depressed  and  eventually  pandy^ed.  and  the  peripheral 
ifct»clfs  are  also  weakened.  The  muwular  tissue  of  the  invertebrates  is 
tefj^jHiwerftjlly  atfecte^l  by  the  constituents  of  male  fern  and  Straub  attributes 
"AurtioDon  the  tapeworm  to  its  paralyzing  muscle.  Mammals  do  not  seem 
fc  be  affettted  by  aspidin  injected  hypodemiirally  or  administered]  by  the 
*'>uth.  but  when  it  is  introduccfl  directly  into  the  blood  vessels,  it  proves 
»tal  by  {laralyzing  the  rt^i)iraIory  centre.  Aspidiniu  induces  very  similar 
^ptoms  in  the  frog,  while  the  other  constituents  are  less  active. 

Tie  blindne>«  which  has  l>een  ol>serve<i  in  some  cases  of  lauU'  fern  poison- 
«K  hag  also  been  produced  in  dogs ;  it  occurs  chiefly  in  youug,  weakly  and 
•""•anic  individuals. 

.  PwiDic  acid  differs  from  filicic  chiefly  in  its  acting  more  strongly  on  muscle 
Pd  \tm  OD  the  central  nervous  system  of  the  frog. 

I  Preparations. 

Aflpidiam  (t'.iS.  P.),  Mule  fiTii,  the  rhizome  of  Dryojit-iTis  Filix-mas  jindof 
J^'oplerismargiualis,  Filix  Mas  (B.  P.),  Male  fern,  the  rhizome  of  Aapidium 


Olsorrhina  Aspiuii  (II.  8.  P.),  2-8  c.c.  f}-2  fl.  drs.). 
EXTBACTI'M  FiLICie  LKiUIDUM  (B.  P.),  -lo-OO  uiins. 

The  oleoresiu  (U.  8.  P.)  and  the  liquid  extract  (B.  P.)  are  practically  iden- 
■ica]  in  composition. 

Therapeutic  Uses. — Male  fern  is  used  exclusively  in  the  trcattneiit  of 
lipeworni  and  nf  Anchylostomum  tliKxIenale.  Previous  to  its  adniiu- 
Wration  the  lK>wel  ought  to  be  emptied,  ns  far  as  pi^ssihlc,  V)y  a  nioder- 
ilcly  light  di<'t  for  one  or  twi>  days  unit,  where  ni^e.-isary,  by  a  purj^tivo, 
Tlw.oleorcsin,  or  liquid  extract,  is  then  to  be  administered  in  the  form  nf 
Hk  or  enclosed  in  a  cajisulc  or  susjK'ndod  in  macil:ij;p,  an<l  ant^thcr 
l^ative  is  requirtMl  some  fi— 12  hi>ui"s  later.  In  «isc  tli*'  parasite  fails 
**t>  be  didlodgecif  tieveral  days  ought  to  be  allowed  to  elai^wc  Wore  a 
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second  dose  is  given.  Poiil:$son  recommends  that  oily  hubsbiui 
avoided  during  the  "  cure,"  as  they  diHf*olve  the  filieic  acid,  and  tKi 
promote  its  abrforption.  It  is  impot^iblc  to  estimate  the  importfincc( 
this  fart  niriw  BiR'hm  has  discovereil  tiie  other  active  constituents,  bi 
it  is  certainly  sugge:jtive  that  iu  many  ciiX's  of  poisoninp  with  muJefci 
castor  oil  liad  Ijeen  given  along  with  it  or  soon  after.  Marked  anwnii 
general  <lel>ility,  and  chronic  alcoholism  seem  to  predispose  to  male-fe 
poisoning,  and  the  dnig  is  accordingly  to  l)e  uwhI  with  care  in  the 
conditions. 
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Cusao. 


Cnsso.  or  Kousso,  contains  a  neutral  IxmIv,  Kwofcwin,  which  is  so 
iible  in  alcohol  and   in  nikalinc  Hnids,  but  is  insoluble  in  water;  it 
pmbubly  iiwirly   relatwl   to  tfn'  active  constituents  of  male  fern,  wliif 
it  rescnibU's  somewhat  in  it-^  pburmucoKigicid  action. 

Cusso  has  a  hitter,  somewhat  astringent  tastCj  and  sometimes  cans 
nausea  and  vomiting  and  some  looseness  of  the  ImiwiJs.     In  rare  cas 
prostration  and  collapse,  with  irregularity  of  the  pulse,  are  said 
have  occurred  from  its  use. 

In  thfi  fropr,  kosotoxiii  paralyzes  the  ner\'e  ends  like  curara,  and  1 
a  specific  artion  on  the  «trii>ed  niusnilar  tis«ue,  which  it  weukeiia  a 
cvfulually  juimlyzcs.  The  lieart  mnsL-lt*  iinderK*>es  siinihir  chauj^es. 
xiiamiaals  the  iiiusrulur  actiun  is  well  dt-vt'lupeil,  Imt  is  aL-iMiupaniei]  by»o 
stimulation  of  the  iiiedu]lar>*  centres,  indicated  by  rapid,  dys[nnpio  brea 
ing,  salivation  and  voniitin;^.  The  stools  are  olteii  lliud,  and  the  urine 
iMtTCiised  in  umount.  When  it  is  injected  directly  into  tho  circulation,  so 
convulsive  movements  are  often  oT^eiAed,  and  the  heart  is  weakened  0 
paralyzed.  Koiwtoxia  swms  to  be  a  jtcneral  jmitoplusm  poison,  as  is  iu 
cated  by  its  action  on  muscle,  and  by  its  retarding  the  growth  of  yeast. 

PkRF'A  RATIONS. 

Ousso  (V.  9.  P,,  B,  P.)  (K<nifwo  or  Riiiyent),  the  furaaTe  iiillorcscence 
liu^enia  Abyssinieu  (Brayei-a  authelniintii'a). 

t'u.'Wi  i«  grncniily  priven  by  miHp*^ndin^  15  G.  (I  oz.)  of  the  jMiwderfni  flow 
in  wuter.  Kowit<ixin  hiia  not  yet  been  prem'rilu'd  for  thenipeutie  puriMM^en.  1 
UHual  preliminiirj-  tn-atment  ought  to  be  instituted,  but  no  purge  t»  ret^uii 
after  Cusso  w  a  general  rule. 

Therapeutic  Uses.  —  Cusso  is  used  exclusively  as  an  anthelmintic 
cases  of  tiipeworm. 
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Granatum. 

The  hark  of  the  pomegranate  contains  a  very  large  amount  of  tannic 
acid  (20—25  |»er  wnt.),  along  witli  numerous  alkaloids,  of  which 
iWirtimn*,  or  PunieinCy  and  Isoi/vviHne  alone  are  active  in  onlinary 
doses.  AH  the  (»omegranate  alkah:>ids  are  closely  related  cliemically 
to  each  nther  and  to  tropine  (we  atropine).  None  of  tln-in  ain  be 
dassed  among  the  more  active  poisons  as  far  as  man  and  the  higher 
inimals  are  concerned. 

In  man,  large  doses  cause  heaviness,  confusion,  giddiness  and  very 
marked  weakness  of  the  limbs.  The  uousciousneha  is  but  little  atfected, 
hut  the  sight  is  often  dim  and  uncertain,  and  in  one  case  complete 
blinclaesa  persisted  for  several  days.  Occasionally  nausea  and  discom- 
fort in  the  abdomen  are  complained  of,  and  more  rarely  vomiting, 
tpeoaors  and  cramps  of  the  leg  muscles  are  pro<luced  ;  the  gastric  syrap- 
\o^as^  are  perhaps  due  to  the  large  quantity  of  tannic  acid  in  the  drug 
ratlier  than  to  the  alkaloids. 

Iti  the  frog  and  in  most  mammals,  pellctierine  causes  a  dUtinct  increase  in 
the  retlex  irritAbility  of  thi;  ttpiiml  cord  uud  medulla  oblongata,  along  with 
ptme  i)r<pre^on  of  the  higher  divwions  of  the  centra!  nervoui*  systeni.  Very 
li^^**  d<)ew»  weaken  or  paralyze  the  eon(hn'tivity  of  the  nerve  plutej*  in  the  fn)g, 
lAi*  curara.  The  heart  nitisele  is  alwi  jieted  on  and  its  pulsiitionK  nre  Klowed  in 
^  fwp,  NUk'iii|;h  ihey  may  he  t4:Mn|Mtnirily  »u(^mented  in  fnn'O. 

Pplletierinc  and  isopunicinc  have  a  s|)ecific  action  on  tapeworms, 
''^r  Schroe^ler  found  that  a  solution  of  one  part  in  10,000  was  suffi- 
'^'VDt  to  kill  thera  in  ten  minutes,  while  a  stwngcr  solution  had  pnic- 
^caiJIy  DO  effect  upon  other  Intestinal  worms. 

Preparations. 

Onnatnm  fl7.  8.  P.),  Oranati  Cortex  (B.  P.),  Pomegranate  bark,  the  bark 
^^"llie  stem  and  root  of  Pnniea  (iranatum. 

Dir*trtnui  Urannti  VorticiM  iJS.  P.),  i-2  '1-  «z. 

FtHid^-rtrurhtm  (irannfi  (U.  S.  P.),  2  c.e.  (30  minn.). 

t*ciirttcriti<t  T'lnmui  (U.  S.  P.),  «  wiixlure  in  varying  propnrtionfl  of  the  tan- 
^^«lei  of  four  fllkaloitU  (puuicinc,  isiipuiiieine,  uiethyljiunieine  uiid  [M»eudo- 
l^Unidne),  ohUiincd  Irom  the  pomt'jj;raiiaC*;.      I>ot*,  0.2ri  G.  (4  gra,). 

OraniiUlui  U  UM^i  Ji»  a  dwotrtitin  iornied  of  y(>-<j()  G.  (1-2  o/„)  in  2r>0  e.c,  of 
^■«ter  I  J  pL),  to  be  taken  in  twu  pnrtM,  at  jui  :nter\al  of  one  hour.  Tlie  bark 
***4)fht  to  lie  as  fresh  ua  p«M«ible,  uh  the  alkuloid-s  dcc'omj»oKe  on  kepplnjr.  The 
^■><^'nee  of  large  quantilie!!  of  tannic  ueid  renders  the  deeoeliou  very  unpleasant 
^*^  the  t&f*ie,  and  llavorlng  HulMttanees  are  therefore  generally  prescribed  vrith  it, 
*^»"  pclli.'tierine  Lunnate  may  be  ordered. 

Therapeutic  Uses. — Granatum  is  used  exclusively  as  an  anthelmintic. 
T^he  preliminary  treatment  is  the  same  as  that  given  under  aspidium, 
**-Dd  a  purge  ought  to  Ix*  given  J-2  liours  after  the  decoction. 
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Kamala  is  a  reddish-brown  powder  which  consists  of  the  minute  glands  and 
hairs  obtained  from  the  surface  of  the  fruits  of  Mallotus  Philippensis.  It  cod- 
tains  two  or  more  substances  which  have  been  termed  Kainalin,  Rottlerin  or  Mai- 
lotosdn^  and  which  are  probably  neutral  bodies  like  kosotoxin,  but  it  is  not 
known  which  of  these  is  the  active  constituent.  Kamala  is  used  in  cases  of 
tapeworm  in  doses  of  2-8  G.  (30  grs.-^  oz.)  suspended  in  water.  It  acta  as  an 
intestinal  irritant,  causing  purging  and,  more  rarely,  nausea  and  vomiting.  No 
purge  is  necessary,  therefore,  after  the  powder.  An  alcoholic  tincture  of 
kamala  has  been  found  quite  as  efficient  as  the  powder. 

Pepo  (pumpkin  seed)  contains  a  fixed  oil  and  resin,  and  the  latter  seems 
to  have  considerable  power  as  an  anthelmintic,  although  this  is  disputed 
by  some  authorities.  No  symptoms  are  produced  by  very  large  quantities  of 
the  powdered  seeds. 

Pepo  (U.  S.  P.),  the  seed  of  Cucurbita  pepo,  Pumpkin  seed,  is  generally 
administered  in  doses  of  60-120  G.  (2-4  oz.),  the  powdered  seed  being  sus- 
pended in  an  emulsion  or  in  sugar  or  honey.  Pumpkin  seed  has  no  laxa- 
tive effect  and  its  administration  is,  therefore,  to  be  followed  by  a  purge. 
The  resin  has  been  used  with  good  effects  in  some  cases. 

Santonin. 

Santonin  (Cj^HigOj)  is  an  anhydride  or  lactone  of  santoninic  acid, 
which  is  formed  from  it  by  the  action  of  alkalies,  and  is  a  derivative  of 
naphtalene.  It  occurs  in  Artemisia  pauciflora  along  with  a  nearly  related 
body  (arteraisin)  and  a  volatile  oil  (cineol).  Santonin  is  very  insoluble 
in  water,  but  is  dissolved  by  alkalies,  with  which  it  forms  santoninates. 

Action. — Owing  to  its  insolubility  in  water,  santonin  has  only  a 
slightly  bitter  taste  in  the  mouth.  It  is  partially  dissolved  in  the 
stomach  and  absorbed,  but  enough  passes  into  the  bowel  to  effect  the 
removal  of  some  forms  of  intestinal  worms.  Under  special  conditions 
it  is  possible  that  the  greater  part  of  the  santonin  may  be  absorbed  in 
the  stomach,  however,  and  general  poisoning  results  without  the  para- 
sites being  affected.  A  certain  amount  of  absorption  occurs  in  every 
case,  as  is  shown  by  the  disorders  of  color  vision  and  by  the  yellow 
coloration  of  the  urine.  At  first  objects  appear  of  a  bluish  color  to 
the  patient,  but  this  aberration  is  of  comparatively  short  duration  and 
may  in  fact  pass  unnoticed.  It  is  followed  by  a  much  longer  period  of 
"  yellow  eight "  or  xanthopsia,  during  which  objects  that  are  brightly 
illuminated  seem  to  have  a  yellow  tinge,  blue  seems  green,  and  violet 
-is  indistinct,  although  in  dimmer  lights  the  violet  may  still  predomi- 
nate. In  severe  poisoning  the  appreciation  of  the  darker  colors  becomes 
very  imperfect,  and  violet  and  even  blue  may  fail  to  be  distinguished 
from  black.  In  general  the  violet  end  of  the  spectrum  is  shortened, 
while  the  yellow  impresses  the  retina  more  vividly  than  normally. 
Sometimes  "  hallucinations  "  of  vision  are  said  to  occur  under  santonin, 
although  these  seem  to  be  unimportant ;  thus  one  observer  saw  green 
globes  on  a  violet  background  whenever  he  closed  his  eyes.  These 
aberrations  of  sight  are  the  most  generally  observed  symptoms  produced 
by  santonin,  but  in  some  cases  the  sense  of  taste  and  smell,  and  more 
rarely  the  hearing,  are  also  deranged.  These  symptoms  all  pass  off  in 
the  course  of  a  few  hours,  a  second  stage  of  "  violet  sight"  occasionally 
intervening  before  complete  recovery. 
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The  BvraptonM  produced  by  the  abj^orptioti  of  large  qiiuDtities  of 
rantoniu  are  so  uniform  in  man  and  the  otluM"  mammaU  that  it  ia  suffi- 
cient to  enumerate  those  ubnerved  in  exp^^riments  on  t!ie  dog.     The 
fyst  distinct  effects  are   generally  twitching  of   the  muscles  of  the 
\itAy  frequently  beginning  on  one  side.     These  are  tulIowe<l  by  roll- 
ing of  the  eyes,  grinding  of  the  teeth,  flexion  and  extension  of  the 
neck  and  potation  of  the  head  fi*om  side  to  side,  later  by  regular  epi- 
leptiform convulsions  in  which  the  animal  is  first  thrown  into  opistho- 
tonos uud   then  into  clonic  s|>usniM  of  the   IIuiIks  and   trunk.      These 
are  interrupted  by  intervals  of  repose  during  which  a  curious  momen- 
tary contraction  of  all  the  musclcft  of  the  body  is  (»ftcn  notioetl.     Dur- 
ing the  convulsive  seizures  the  rcspirulion  is  irregular  and  insufficient, 
and  in  fatal  eases  it  fails  t^>  return  after  the  convulsion  pusses  oif,  and 
tile  animal  dies  of  asphyxia.      In  man,  some  confusion,  nausea  and 
vomiting  occasionally  occur  after  quantities  which  are  too  small  to 
produce  convulsions,  and  in  several  cases  apluisia  has  been  observed. 
In  frogs,  convulsions  are  prrwlucwl  by  santonin  as  in  mammals,  but 
iliov  arc  preee<ied  by  a  prolonged  stage  of  depression,  which  is  entirely 
ab^pt  in  the  higher  animals. 

These  symptoms  manifestly  point  to  changes  in  the  central  nervous 
system.  The  xanthopsia  is  geuerally  referred  to  a  specific  action  on 
the  retina,  though  some  hold  that  the  (central  ap|mratus  of  vision  in 
^  brain  is  the  seat  of  the  action.'  The  condition  has  l>ccn  ascribed 
to  a  preliminary  stimulation  and  subsequent  depression  of  the  sense 
•organs  for  the  perception  of  the  violet  ami  eventually  of  the  blue  rays 
"f  the  spectnun,  or  more  precisely  to  some  obstruction  to  ttic  regener- 
iUflO  of  the  substance  in  the  retina  whii-li  mn'uially  api)re(-iatc'H  violet 
^.V(!(Filehne).  The  clonic  nature  of  the  convulsions  at  once  points 
to  an  iSection  of  the  brain  rather  than  of  the  cord,  but  some  dis- 
wisgion  has  arisen  as  to  how  far  the  corticiil  areas  are  involved  and 
,  »»v  far  the  symptoms  may  be  explained  by  stimulation  of  the  basal 
pwglia.  The  latest  investigators  hiive  ci>rui'  to  thr  conriusion  that  the 
fpilpptiform  convulsions  are  due  for  the  main  part  to  the  slimulation 
*'f  the  cortex,  while  the  sudden  contractions  observed  in  the  intervals 
**f  Impose  are  ascribed  to  increased  activity  of  tlie  parts  lying  between 
the  cerebral  peduncles  and  the  medulla  oblongata.  The  gmy  mattec 
^'  IhL*  division  of  the  central  nervous  system  also  seems  involved  in 
tile  clonic  movements,  although  these  are  only  elicited  in  their  full 
igth  through  action  on  the  cerebral  cortex  (Kramer). 
Although  these  parts  of  the  central  nervous  system  are  the  mi)st 
•u*x'ptible  to  the  action  of  santouin,  lai^e  quantities  also  affect  the 
^trd  after  ilivision  of  tlie  me<lulhi  oblongata  and  produce  tonic  con- 
mlsions  resembling  those  seen  in  atryolinine  poisoning. 

The  medullary  centres  seem  to  be  comparatively  little  afflicted  by 
UDtonin,  the  respiration  being  interfered  with  during  the  spasms,  but 
Irtarmag  to  its  ordinary  rate  and  strcuglh  during  tlie  intervals.     The 

'The  »ieir  formerly  held  ihal  the  yellow  virion  was  due  (o  a  yellow  piginciitntion  of 
^  ritreons  humor  or  the  retina  in  unrlonbledly  prroneoun. 
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circulation  is  altered  only  by  the  asphyxia,  and  the  heart  continues  to 
beat  long  after  the  respiration  has  ceased. 

Santonin  undei^oes  some  oxidation  in  the  tissues  and  is  excreted  ii^ 
the  faeces  and  urine  in  several  forms,  two  of  which  have  been  exam- 
ined by  Jaffe  and  found  to  be  oxysantonins.  The  urine  and  soaie- 
times  the  faeces  have  a  deep  yellow  color,  which  changes  to  red  or 
purple  when  alkalies  are  added.  A  similar  reaction  is  obtained  from 
the  urine  after  the  administration  of  chrysophanic  acid,  as  in  rhuba-fb 
or  senna,  and  a  number  of  reactions  are  given  to  distinguish  betwe^<^ 
these  two  pigments,  which,  however,  it  can  scarcely  be  necessary  to  <i<^ 
frequently. 

Thus  the  red  of  chrysophanic  acid  is  permanent,  while  that  of  the  san- 
tonin pigment  fades  after  a  time,  and  reducing  agents,  such  as  zinc,  remove 
the  former,  and  not  the  latter,  while  barium  and  calcium  precipitate  the 
chr>'sophanic  and  not  the  santonin  pigment. 

Santonin  was  formerly  credited  with  some  cholagogue  and  diuretic  action, 
but  more  accurate  investigations  have  shown  that  it  has  no  such  effects. 

According  to  Hamack  and  Hochfaeim,  santonin  lowers  the  temperature  in 
most  animals  by  increasing  the  loss  of  heat  through  dilation  of  the  cuta- 
neous vessels ;  it  resembles  in  this  respect  several  other  convulsive  poisons 
investigated  by  these  authors. 

Santonin  is  universally  used  as  a  remedy  for  the  round  worm,  As- 
caris  lumbricoides,  and  most  clinicians  believe  that  it  has  a  specific  poi- 
sonous action  on  these  animals,  and  that  its  undoubted  effects  are  due 
to  its  killing  them.  In  experiments  on  the  entozoa  outside  the  body, 
however,  von  Schroeder  found  that  santonin  solutions  were  by  no 
means  fatal  to  them,  and  he  explains  their  therapeutic  effects  by  sup- 
posing that  santonin  renders  the  intestine  so  unpleasant  an  abode 
for  the  parasites  that  they  migrate  from  it  voluntarily  into  the  large 
bowel,  and  are  carried  out  by  the  purgative.  The  worms  are  often 
found  in  active  movement  when  parsed  after  santonin,  although  this 
movement  ceases  very  soon  afterward  from  the  exposure  to  cold. 

The  alkaline  salts  of  santoninic  acid  act  in  precisely  the  same  way  as  santonin 
itself,  but  are  less  suitable  as  anthelmintics,  owing  to  their  greater  solubility  and 
rapid  absorption.  A  number  of  santonin  derivatives  have  been  examined  by 
Coppola,  who  found  that  many  of  them  produced  effects  which  were  practically 
identical  with  those  of  santonin,  while  in  others  the  stage  of  convulsions  was 
preceded  by  one  of  depression. 

Pkeparatioxs. 

Santonica  (XT.  S.  P.),  Levant  wormseed,  the  unexpauded  flower-heada  of 
Artemisia  pauciflora. 

SantonixuSi  (U.  S.  p.,  B.  P.),  Cj^Hj^Oj,  a  neutral  principle  derived  from 
Santonica.  Santonin  is  colorless  when  freshly  prepared,  but  assumes  a  yel- 
low color  when  exposed  to  the  light.  This  does  not  seem  to  impair  its 
activity  materially,  but  it  is  preferable  to  avoid  it  by  keeping  santonin  in 
amber- colored  vials.     Dose,  0.03-0.1  G.  (J-2  grs.). 

Trochisci  Santonini,  each  containing  0.03  G.  {\  gr.)  of  santonin,  U.  S.P.j 
each  containing  1  gr.,  B.  P. 
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Therapeutic  Uses. — Santonin   ts  used  ulmttst  exclusively  to  remove 

.Vht'ftri^  lumbricoides  from  the  intestine.  It  is  much  less  effective  against 
iaiH.'Wtirm  or  other  intestinal  parasites.  The  l^jzenges  are  generally 
pn.scrihed,  one  for  children,  two  for  adults,  U.  8.  1'.,  while  the  dose  of 
llw  B.  P,  lozenge  is  one  for  an  mhdt.  Lewin  recommends  tlie  admin- 
istrutioii  of  santonin  in  oily  solutions,  esj>ecialiy  in  c:i.stor  oil,  as  less  is 
»hs<trlH^]  from  the  stomach  than  when  it  is  prescribed  in  other  wavs. 
rile  Uwi'l  ought  to  Imj  emptie*!  by  suitable  diet  and  a  laxative  before 
the  satitooin  is  administered,  and  a  sharp  pui^e  ought  to  be  given  2—4 
bouw  afterwards  in  order  to  bring  away  the  ento/A>a. 

Saiitooin  has  been  advised  in  some  retinal  diseases,  but  the  results 
M>*e  geacrally  been  unsatisfactory. 

PoUooing.  —  In  cases  of  poisoning,  the  stomach  and  bowel  ought  to 
^  fvaoiiated  as  rapidly  as  fx>ssible  by  the  use  of  emetics  or  of  the  stom- 
'^'^  tnl)e,  and  of  purgatives  or  enema.  The  convulsions  may  be  e(»n- 
^nloii  by  the  use  of  chloroform  or  ether.  The  xanthopsia  rifpiires  no 
"^tiuent,  and  is  not  to  l>e  rcgardc*!  as  hond<ling  any  dangiTous  develo|>- 

^^^tii,  as  it  iHxrurs  to  some  degree  in  the  great  majority  of  cases  in 

'*'Oich  ^intonin  is  administered. 


Bibi.ioc;raphv. 

•p*^*    Arch.  r.  exp.  Path.  u.  Phnrm.,  vi.,  p.  300. 

*-P^iu     Berl.  klin.  WcM-h.,  18«:i,  p.  170. 

^'^r^Aiisrtrr,     Prtiigt-r'B  Art-h.,  xixiv.,  p.  293. 

'[•.VK'.    Zi«:hr.  f.  klin.  Mfil.,xvii.   Kiippl.,  p.  7.     Ztaeh.  f.  phrs.  Cheiu.,xxii.,p.  538. 

^:'^i     lK.Masrlie  Klinik.  18W(,  p.  2:.7. 

'j'-'wr.     Zi^chr.  f.  Heilkiinde,  xiv.,  p.  303. 

'  ■■rur.     Arch.  f.  t'xp.  Path.  u.  Phtirm.,  xxxiv.,  p.  208. 

.     rbiil.,  six.,  p.  2^MJ. 
,..-    ,!,LM.-hr.  f,  Psvchol.  ii.  VUyn.  d.  Sinnetiorgane,  xxvii.,  p.  267. 

'inrmvJk.     Zt».  f.  kfin.  Med.,  XXV.,  p.  16  ;  Arrrh.  f.  oxp.  Path.  n.  Phnrni.,  xlvi., 
PP-  272,  447. 

Ai*-.     Virvhow'i}  Arch.,  xvL,  p.  233;  xviiL,  p.   15;  lU.,  y*.  .')22  ;  xx.,  p.  245; 
**>-iii.,  p.  3(J. 

S^ntr.     Arch.  f.  Oplillialinol..  xiii.,  p.  300. 

Ptfttr.     PflfirnHH  Arch.,  i.,  j>.  299. 

Ot^ola,     Muy'a  JnhreeXicricM,  xvli.,  p.  92. 

Fiekt.     Imager's  Arch.,  Ixxx.,  p.  96, 

SriGELIA, 

Another  remedy  Hserl  in  caai's  of  round  wonn  is  pink  roof,  Spipolin  niari- 
(inia  (C  S  V.),  tlie  nctive  pHncripli*  of  wliit-h  i«  unknown,  althoiigli  an 
<%lkuIoiiL,  Kpiffeline.  is  suifl  to  occur  in  it.  Uceasiuriul  cases  of  jioisoniiig^  have 
^>'*on  olipior^'ed,  ti*iM.'ciiilIy  hi  children,  the  symptuuis  c^)asi»^tiiig  in  tlusbiag 
Uod  drynt-fw  itf  the  skin,  oftt'U  with  some  o'licmatous  swelling  of  llio  faee, 
Urlin'um  and  w»pur  fulluwo4i  by  diinnf*is  uf  siglit  or  teiuparary  blindness. 
Xu  I'rujr*  sjtitrelia  appears  to  dt-prifs-*  tljo  lirain  and  wpinul  curd,  and  the  heart, 
beuLs  mort*  Hhtwly  and  WL-akly,  while-  in  ni,hhits  tfie  must  ]iroiniia*nl  syaip- 
toms  arise  from  the  bruatliiiig,  whuli  bceuincs  slow  and  talK>rt^tl  and  luially 
txascr''  in  a  ronvulsive  uitack.  In  the  dojj  and  cat  Its  injection  is  foUowed 
W  vumiting,  preat  wpuknejss  and  inciHirdinalioa  of  thi-  rnoveinent^^,  restli*ss- 
DC8S,  rapid  dy^pnttic  respiration  and  (inally  by  stupor,  coma  aud  death  from 
&Uure  of  th*'  reapiralorj-  centre. 

Bpigelia  (U.  8.  i\),  ilie  rlii^iue  aial  nMitn  of  8pigidi&  niarilundica. 
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Fluidextraetum  Spigdia  (U.  8.  P.),  4-8  c.c.  (1-2  fi.  dre.). 

The  fiuidextract  is  used  to  remove  round  worms,  which  it  seems  to  eff 
very  much  the  same  way  as  santonin.  It  ought  to  be  preceded  and  follow* 
a  purge. 

One  of  the  volatile  oil  series  which  is  frequently  used  as  an  anthelmin 
that  obtained  from  Chenopodinm  ambroeioides  or  American  worm-seed. 

Oleum  Ckenopodii  (U.  8.  P.),  0.2-0.8  c.c.  (3-5  mins.).  The  oil  is  ad 
Ifitered  on  sugar  or  in  an  emukion. 


PAUT  II 

ORGANIC    SUBSTANr;ES    CHARACTERIZED 

CHIEFLY  BY  THEIR  ACTION   AFTER 

ABSORPTION. 


I.    NARCOTICS   OF  THE   METHANE   SERIES. 

ALCOHOL-CHLOROFORM   GROUP. 

A  lARGE  number  of  the  derivatives  of  the  methane  series  are 
icterizeU  by  the  production  of  dejiresaion  of  the  central  nervous 
?ia,  more  especially  of  the  tx^rebrum,  and  some  of  them  are  per- 
tpithe  most  extensively  employed  of  all  drngs.  With  the  exception 
of  alcohol,  which  haa  been  known  sincx?  prehistoric  times,  the  use  of 
tli€  members  of  this  series  scarcely  extends  over  more  than  half  a 
century. 

From  the  large  number  of  substances  belonging  to  thin  division  of 
•^fganic  chemistry  which  are  possessetl  of  narcotic  p<nvers,  it  would  seem 
Miat  the  combination  of  carl)on  and  hydrogen  in  the  form  characteristic 
**f  this  scries  is  possessed  of  a  special  relation  to  the  protoplasm  of 
the  oerve  cells,  or  in  other  words,  carbon  radicles  comliined  in  ojien 
*^haiD  form  are  possessed  of  specific  depressant  jMJWcrs'.  As  a  general 
rule  the  greater  the  number  of  these  radicles  contained  in  the  chain, 
the  more  powerful  the  action,  provided  the  Hiibstance  is  not  changed 
■otsto  become  incapable  of  absorption.  Thu.s,  in  tlie  alcolud  series 
*  Kgnlirly  ascending  scale  of  toxicity  is  mot,  commencing  with  methyl 
*<h1  ethyl  and  passing  thnmgh  propyl,  butyl  ami  iiinyl  alceOiols,  of 
*hi(;h  pach  succeeding  member  is  more  |>oisonous  than  its  prttleccs.'sor. 
'  bt'  JatiT  members  of  the  series,  however,  become  less  soluble  in  the 
w)(ly  fluids,  are  less  easily  absorbe*!,  and  therefore  less  toxic. 

The  toxicity  of  these  bodies  may  also  be  reduced  or  removed  com  j.di'tcly  by 
l^w  prvseno-e  of  acid-fomting  groups.  Thus  ethyl  alcohol  (CH^ — C!I,OH) 
_»i|wwerful  depressant,  bul  prupioDic  acid  (CHj— CH,— COOII)  is  enurely 
iiUL'tive  in  this  direction.  A^^iin,  oue  hydi-oxyl  group  in  a  substance  does 
O'li  mmove  its  narcotic  action,  while  two  hydroxyls  reduce  it  very  cousider- 
■l>lyor  may  destroy  it  entirely  ;  thus  elhvl  ah-ohol  (C'll, — CH,OH)  is  prob- 
*bly  quiUj  a*  active  as  ethane  (CM,— CH;),  hut  glycol  (CII.OH— CII.OH)  ia 
^10061  inactive.  A  still  more  striking  example  of  tlie  eflect«  of  several 
hydroxyl  groups  is  seen  in  the  conipnrison  of  propyl  alcohol  (<'H, — CH, 
-OH,OH)  with  glycerin  (CH  OH— CliGH-CH,OH).  the  former  beiiiR  a 
powerful  depressant,  while  the  latt^ir  is  practically  devoid  of  any  Buch  action 
00  the  central  nervou:*  system.  Compuunds  of  the  fatty  series  may  also  lose 
Iheir  chanicteri«tic  etTecta  hy  their  combiBBtion  with  inoi-e  active  radicles. 
Thiu  ethane  (C,H^  is  a  member  of  the  narcotic  series,  but  ethyl  nitrite 
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(CjHjO — NO)  cannot  be  clsuised  with  it,  beeaiiae  the  — O — NO  group  hiwi 
ver>-  iK)wtT!ul  aud  onlirely  MifTerent  ett'oct ;  vcrj' small  quaiititiea  of  eihyl 
nitrite  are  requii*ed  to  produce  iho  nitrite  effect,  so  lliat  the  deprcii«anta(-liuii 
is  pashed  \\\Ui  the  backKrouud.  ilciubers  of  ihc  methauk*  :wries  ofUn  l<w 
their  deprcsf^tnt  lu^tluu  wbcu  combined  vith  uitru^u  so  afl  to  fumi  »ul<*li 
tutcd  ammouia.  Thus  trimelhylaraine  (X(CH,),)  has  no  depi-cssmit  action, 
although  each  of  the  methyl  radidewaloue  would  possess  it.  Apiin.  thesiiti- 
Ktilution  of  ft  memlMT  of  the  aromatic  series  for  one  of  the  fatty  subMnntt* 
sometimes  changes  the  action  from  that  characU'ristic  of  the  ulcnhol-clil<'n>- 
form  group  to  that  of  the  benzol  series.  For  example,  ether  (C.H^— O — i,\\\) 
i»oneof  the  moat  valuable  aniesthelie**,  but  if  one  ethyl  radicle  be  sutwli- 
tilled  by  phenyl  (C^Hj— O — C,Hj),  it  loses  this  property  entirely.  Others, 
however,  retain  their  depressant  action,  as,  for  example,  acetoplitiiuiit 
{C.H,-CO-CHJ.  . 

A  very  interesting  hyjiothesis  lias  recently  been  siipj^stwl  by  Afrypr' 
ami  Ovcrtun  ^  tt)  explain  why  so  many  of  the  IxkIIcs  of  fhis  series  aii 
as  narcotics.  Practically  all  of  them  are  more  soluble  in  leeilhin  and 
choUwterin  ttiiin  hi  water  and  accorditigly  when  tliey  reach  the  hlonti 
they  tend  to  aoeuuiulate  in  tlie  nerve  cells,  which  are  ricli  in  choUv«teriti 
and  hniithin.  Here  they  may  lie  Hup[M>s<»d  to  partially  distiolvc  thrsf 
constituents,  or,  at  any  rate,  to  change  their  relations  to  the  rest  of  ibf 
nerve  cells  and  this  derangement  of  their  normal  condition  leads  lo 
impairment  of  the  fnnrlion  of  these  celln,  or  narcosis.  But  nnniy  other 
substances  (c.  7.,  many  of  the  licnxol  derivative?-)  jwtssess  thew  j)hysii'al 
pmiK'rties  erpially  with  the  menil>ers  of  the  methane  series,  and  vet 
imlta'c  no  narcosis  pro|)er,  so  that  tlioiigh  the  physical  characters  of 
these  drugs  nmy  probably  Vm?  iniixirtant  factors  in  their  action,  the)' 
ctmnot  be  held  to  determine  it  solely.  ' 

It  is  ini|54>ssil>lc  to  ennmeratc  here  all  the  substances  of  this  seriw 
which  possess  more  or  less  de[>ressant  action  on  the  nerve  centres.  A 
very  large  nuniU'r  of  them  have  iteen  the  subject  of  investij^ation,  but 
only  a  few  of  thcni  have  become  estalilishcd  retnedies. 

Among  the  hydrocarbons  the  fifth,  Fentane,  and  the  eighth^  Octane,  hav« 
(teen  proposed  as  una'stlu'ticH  forshurt  openilions,  but  have  never  i-ereivcd 
an  extensive  trial.  Some  of  the  Ufutaturated  hydroearbfrna  have  also  bccD 
HUgpested,  such  as  Amylene,  which  was  intruduccd  by  Snow,  but  was  fuund 
to  vary  exceedingly  in  its  prupertit'-^,  und  pn>ved  to  be  u  mixture  of  several 
isomers.  One  of  these  lias  lately  been  isolated  and  recorumcuiled  for  short 
operations  under  the  name  of  Pental  ( (CUj).j=  C  —  CH  —  *'II^),  Another 
unsatuniiei]  bydnM-arbon  wbieb  has  In^en  shown  to  possess  narcotic  iiroi>er- 
lies  is  Acetylene,  hut  its  action  on  the  heart  is  said  to  preclude  itb  use  iu 
pmeliral  thcmpcutirs. 

Amoiij^  ihv.  alroftoh.  Ethyl  alcohol  (('.H^HO)  stands  preeminent  from  it* 
extensive  use  in  therapeutics  as  well  lus'fioni  its  importance  in  dietetics  and 
as  a  jMjJson.  Other  uk-oholH  bnvc  been  found  to  rcst^inblc  it  in  arlinn.  but  the 
only  oue  that  has  been  intrntiucH  into  Ihcriiprutirs  is  Amylene  hydrate,  or 
tertiary  i»i*iiiayl  alctrhu)  ( {C1l3)^('(Un)CII,CHj.  which  bus  bn-ii  ncMiiiiendediig 
a  hypnotic. 

The  ethers  contain  one  very  important  member  in  Ethyl  ether  ( (C\HJ,0), 
which  is  pprhapa  the  host  anresthetic  in  use.  ^^m 

'  An'h.  f.  cxp,  I*»(li.  u.  Plinnri..  xUi.,  p.  109,  nnd  xlvi.,  p.  im.  ^H 

'8tudi»ia  u.  d.  Narlcose.     Jena,  1901.     aulUieb.     Ki^ob.  d.  rhjaiol.,  L,  2,  p.  666. 
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narcotic  properties,  but  ordinarily  are  irritant  and 


•eable  odor,  so  that  tiioy  have  not  been  used  in  therapeutics.'  Par- 
(C,H„0,),  a  polymer  of  ordinary  aldehyde,  ia,  however,  onr  of  the 
hrtrr  hypnotics.  SeVfiul  derivalives  of  the  uldehvdes  have  Itecn  in- 
oducetl.  such  UA  Methylal  (HCH^UCHj),)  and.Acetal  ((:H.,<'II(*X\H,),). 
BothtT  iinporlanl  aldehyde  derivative  it*  Sulphonal  ( (t'H,)!,tASO,CjIIi),), 
hkb  btts  received  coniiderahle  alt^'iition  of  late  years  aa  u  hy|>notic.  Two 
Hmhi!}  compounds,  Trlozial  and  Tetronal,  in  the  lir^t  of  which  one,  in 
IPiooud  both  methyl  groujia  oie  replaced  hy  ethyl,  are  said  to  he  more 
irarrfnl  than  .sulphonal. 

Thf  only  raeiuher  of  the  ketonat  which  has  received  attention  at  the  hundH 
r  thcmiicutiiils,  is  Hsrpnone  (C.II^COCHJ,  which  has  been  used  as  a  hyp- 
Dtic. 

Thf*  enlrr/i,  or  eihcrrat  salts^  have  lieen  but  little  used  as  depreftaanta,  nnd 
Wmm  be  much  weaker  in  action  than  the  curre«|H>udinK  ethers.'  Honae  of 
)om,  us  umyl  nitrite,  owe  their  asi*  not  to  the  action  of  the  alkyl  radicle,  but 
)  Uie  acid  witli  wbicli  it  is  coinpoiuided,  an<i  arc  therefore  include<l  in 
lother  group.  One  ester  which  Ims  l>een  usi:d  as  a  narctillr  in  therapeutics, 
l<Uua  mueh  ^cater  extent  in  animal  pxperimentA,  is  Urethane,  the  ethyl 
■»'r  of  cnrlianiic  acid  (C'0(>'Iij)iOC' H^^)^.  AniilogouK  conipound^  reeintly 
(fomtut'iKUd  »»  hypnotiiw  are  Hedonal  (C'0(NHjj(<X'.H,,) ),  the  carlianiic cuter 
f  Urrtiuy)-  amyl  ttU'oh<)l.  Veronal,  or  di'-thylnialonyfurea  i  (C,Hj),t'(^***^^J)i 
t'),  nnd  KeUTOnal,  or  hromdiethylacetaiuide  ( (rjHjijlJrt'-COKHj). 

ThfiwiilB  of  the  methane  .serit^  pos-sess  little  narcotic  action  iv^  a  pcneral 
■le,  and  have  not  been  uswl  in  therapeutics  for  this  purpo.sc,  though  Imlyric 
Mil  said  to  have  distinctly  dcpret^saut  eflects  on  the  central  nervous 
^Bl  When  hydrogen  atoms  of  tht»se  acids  arc  rephiced  by  chlorine  or 
Hmae,  they  acquire  u  much  stronger  action  ;  tluts  acetic  add  is  imietically 
kvoJd  of  narcotic  action,  while  some  of  the  chlomcctic  and  bi-omacetic  acids 
Vt^narrDtic.  But  their  efTecta  on  the  other  organs  of  the  body  preclude  their 
■^  in  therape^itics* 

Some  of  the  most  important  members  of  this  f*erieR  are  ha/ogen  ftuhHtitution 
Murff,  formed  by  replacing  one  or  more  aUjnis  of  hydrogen  in  the  -simpUr 
Ikteccs  of  the  fatty  series  by  chlorino.  This  substitution  oAcu  innca-'cH 
^Krcotic  power  to  a  very  great  extent:  methane  (CH,)  is  praclically 
Hofpn^^^nl,  but  if  one,  two,  or  three  of  tht-  hydropcn  atoms  in  the  nioUt- ule 
k  MiMituted  by  ihlorine,  fomiinp  Cil,('l,  ('11,(^1^,  ami  CHClj,  the  nan-otic 
Bwif  increiu*e»  uilli  ciieh  C!  added.  The  he*t  kiiciwn  of  tiu-se  iH  Chloroform 
['lln,),  which   ii*  the  moist  powerful  iina'sthetic  in   ust'.      Thr  iuiiilo^-<nif>  coru- 

i^i'D'U.  Ethylene  Chloride  (C'H,C1— CH,C1 1  and  Ethylidine  Chloride  (^  H,— 
Kl'lj,  Imve  t:dlen  intu  disnw,  but  ethyl  chloride  (CjljCll  Iihm  niiMttly  been 
(Ti'mmrndtNi  fi.ir  s^hort  n|icmtions.  Another  impnrtiuit  ^uIK(it^ltilm  product  is 
fcioral,  or  chlr)r«l  hydrate  (C'njOH(OH),).  wbit-h  is  tlir  hydniT.-  «.f  iriihhirat- 
''  '  '  "I,('H()).  An  analoL'iuiH  compound  i:*  Butyl  chloral,  *>r  Croton 
l,ri,CTr'OHij).  Chloretone  orAneson  ftrit'hl<>riiHti'l"l'Htylalc«ihnl, 
I  ;  i.i  n.j,oH)and  Isopral  (tricblorisoprojiylnlcnhid,  CH.'ljCHOHt'lljj  have 
E»utly  been  rpcttmmendiil  :is  hyjuiolies. 

f^vunil  compounds  of  chloral  hove  been  recently  introdticed  into  Ihera- 
mtias,  iinchfts  Cliloralamide  (Ct'l.CItUH— NHCHU),  which  is  a  cinnhiha- 
im  of  chloral  with  formamide,  and  Ohloraloae  (t.',HjjCI,U„),  a  compound  of 
ikml  and  grape  RUgar. 

h  bits  alr^idy  l>een  mentioned  that  the  siil>stitutioTi  of  chlorine  for  hydro- 
It  in  the  acida  endows  them  with  a  narcotic  ellect.     Another  example  of 


'FrtmuUdchyile  i§  iwed  a.-*  a  dihitifectsMif. 
'  I'l^  Pflatfi-rH  Areh.,  Ixvii.,  p.  141. 
'Jtfoyer,  Aieh.   f.  exp.  Path.  a.  Phurm. 


(See  Fonnidin.) 
ixi.,  pp.  97,  119. 


rbhl,  ibid.,  xxiT. 
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the  alteration  of  the  properties  of  a  substance  by  the  substitution  of  chlorine 
for  hydrogen  is  offered  by  glycerin,  which  in  itself  inert,  becomes  depreesaBt 
to  the  central  nervous  system  when  its  hydroxyl  radicles  are  replaced  by 
chlorine.* 

Some  attempt  has  been  made  to  introduce  bromine  instead  of  chloriDe  into      ' 
the  methane  derivatives,  because  bromides  are  central  nervous  depressanU, 
and  it  was  hoped  that  a  combination  of  the  methane  and  the  bromide  effects 
could  be  thus  obtained.     But,  as  will  be  explained,  the  bromides  owe  theVt 
action  to  the  bromide  ion,  which  is  not  present  in  these  organic  compounds* 
Ethyl  bromide  (C^H^Br)  has  been  used  as  an  ansesthetic,  and  BromofoK'A 
(CHBr,)  as  a  narcotic,  but  only  to  a  limited  extent.     The  analogous  co**^' 
pounds  formed  with  iodine  possess  a  powerful  action  which  is  different  fro^J^^ 
that  of  the  other  methane  derivatives,  and  which  precludes  their  use  as  n^*-^' 
cotics.     (See  Iodoform.) 

The  augmented  effect  of  these  halogen  substitution  derivatives  has  be^^** 
explained  by  reference  to  a  supposed  depressant  effect  of  chlorine  and  br"^' 
mine  upon  the  brain.  But  even  though  this  were  proved  to  be  the  case,  '^ 
would  not  elucidate  the  matter,  for  chlorine  is  not  set  at  liberty  in  tli^ 
tissues  when  chloroform  is  inhaled,  the  molecule  acting  as  a  whole.  (Se^ 
page  24.) 

The  chlorine  and  bromine  derivatives  of  methane  are  not  only  more  power- 
ful drugs,  but  also  more  powerful  poisons  than  the  ordinary  compounds : 
much  less  chloroform  is  required  to  ansesthetize  than  methane,  but  much 
less  is  required  to  kill.  In  addition,  these  compounds,  especially  those  con- 
taining chlorine,  seem  to  have  a  more  powerftil  action  on  the  heart  and  ci^ 
culation  and  on  the  metabolism  than  the  others.  In  other  words,  the  chlo- 
rine bodies  have  a  wider  field  of  activity  and  are  more  nearly  general 
protoplasm  poisons.     (See  Chloroform .) 

All  of  the  narcotics  of  the  methane  series  resemble  each  other  closely 
in  their  general  action.  This  consists  of  a  first  stage  of  imperfect  con- 
sciousness and  confused  ideas,  followed  by  one  of  wild  excitement,  and 
eventually  by  complete  unconsciousness,  which  may  terminate  in  death. 
The  second  stage  is  much  more  marked  after  some  of  the  series  than 
afler  others,  and  is  often  entirely  absent.  It  has  given  rise  to  the 
theory  that  these  drugs  stimulate  the  nerve  cells  before  paralyzing 
them,  but  an  alternative  explanation  is  that  the  functions  of  control 
and  inhibition  are  lessened,  and  the  centres  of  motion  are  thus  left  free 
and  act  more  strongly  than  normally.  This  question  has  been  most 
discussed  in  regard  to  alcohol,  and  will  receive  greater  attention  under 
that  heading.     (See  pages  133-135.) 

The  depression  of  the  central  nervous  system  induced  by  these 
bodies  is  in  the  majority  of  cases  accompanied  by  an  alteration  of  the 
circulation  of  the  brain  in  the  direction  of  congestion  or  ansemia,  and 
it  was  formerly  believed  that  these  drugs  induced  depression  by  caus- 
ing anffimia  of  the  brain  and  thus  starving  the  nerve  cells.  But  this 
improbable  explanation  has  been  refuted  by  experiments  in  which  all 
the  blood  of  a  frog  was  replaced  by  salt  solution,  and  the  brain  cells 
thus  deprived  of  nutrition  before  an  aniesthetic  was  applied ;  chloro- 
form then  induced  the  same  changes  as  in  normal  animals.  There  is 
no  question  at  the  present  time  that  these  bodies  act  directly  on  the 

'  Marshall  and  Heath,  Joiim.  of  Physiol.,  xxii.,  p.  38,  and  Kionkoj  Arch,  intemat 
de  Pharmacodyn.,  vii.,  p.  475,  g^ive  a  r^um^  of  the  relation  of  the  chlorine  substi- 
tutes to  the  simple  methane  derivatives. 
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oervf  oelisy  or  rather  on  the  central  itart  of  the  neurons.  Binz  sug- 
gested that  the  chmig;e  was  of  tlie  nature  of  a  coagulation  of  the 
prvtoplu^m,  but  thi>5  theory  is  not  snp|>orted  by  microscopic  investiga- 
tioD,aD<i  more  recently  histologistshave  been  inclined  to  regard  theef- 
iecta  of  the  central  nervoua  depressants  as  asM>ciated  with  alterations 
in  the  dtt^tribution  of  the  chromatin  in  the  nerve  cells.  A  simple 
.  .  lion  of  nervous  depression  has  been  suggested  in  the  retraction 

I  ..  ndriles.     Thciie  liner  processes  of  the  nerve  cells  are  Kup|K>sed 

to  «crve  to  maintain  the  wnneetion  between  the  individual  wlls  during 
coiMciousness  by  forming  ramltioittinns  between  them,  while  it  is  sug- 
ire^tcd  that  in  natural  sleep  and  in  unconsciousness  in  general,  the  den- 
tlriiifl  an*  withdrawn,  and  the  cells  are  thus  cut  off  from  inten^om- 
uuinication.  S.»me  t.'hanges  which  have  lieen  observed  in  the  deudrites 
af\tr  nnrctitics  might  be  explained  in  this  way,  but  the  explanation  is 
only  a  hypothesis  at  present.  There  is,  hnwever,  every  probability 
iW  the  nerve  cell  depressed  by  drugs  undergoes  changes  similar  to 
tWof  natural  sleep  and  the  changes  in  the  brain  circulation  (amemia) 
Bwbe  r^^irded  as  the  result  aud  not  :is  the  cause  of  the  duprension 
il  biitJi  conditions. 

ile  the  members  of  this  group  resemble  each  other  closely  in  their 
on  the  central  nervous  system,  they  an;  used  for  very  ditferent 
Hos  in  iherapt'utics  and  may  therefore  be  discus-sed  in  thi-ee  sub- 
ps:  I,  alcohol;  2,  general  amestheti(5?,  and  3,  narcotic-s  or  hyp- 
It  must  be  recognized,  however,  that  there  is  no  hard  and  fast 
tim>  dividing  these  subgroups;  for  the  anesthetics,  chloroform  and 
rthcr,  may  be  useil  in  small  quantities  to  j)roduce  rest  and  slwp,  and 
wtmlij  then,  strictly  sptaking,  Ik?  narcotics ;  while,  on  the  other  hand, 
chloral  and  sulphonal,  which  are  giMierully  used  as  hypnotics,  give  rise 
toooQipU'tc  auiesithcsia  when  admiuistered  in  large  quantities. 


Whi 


DOtUI^ 


I.  Alcohol. 

Ethyl  alcohol  (CHjCHjOlI)  has  been  known  in  an  impure  form 
tKe  earliest  times,  and  as  far  back  as  the  history  of  medicine  ex- 
ids,  liaa  in^etx  used  as  a  drug.  ItK  meilicinal  n'putation  has  under- 
Ipone  ritany  flnetuatiuns,  by  many  held  to  be  a  panacea,  by  other*  it 
fcti  Wn  ron«ideretl  of  little  or  no  value  as  a  remedy,  but  of  the 
f^vcitett  im|M>rtancc  as  a  poison. 
Alf^tbolic  liquors  ore  generally  pre|>nred  by  the  fermentation  of 
int,  which  rifhcr  exist  pn'formcil  in  the  fruits,  or  are  derived  fnim 
;h  by  a  preliminary  ferment  action.  The  simple  li<|Uors  (wines  and 
k)  grncrally  oontiiin  only  a  low  |M?rcentage  of  alcohol  (2-20  per 
CMtj,  and  the  stronger  pre{)arations  (spirits)  are  prepared  from  them 
by  diitillation,  which  rnises  the  jxrrcentage  to  30-00  |>er  cent,  and  at 
tbe  BBone  lirae  removes  the  non-volatile  constituents.  Spirits  and 
hqoar»  nrr  not,  however,  simple  mixtures  of  alcohol  aud  water  but 
eootaiu  many  other  volatile  substances,  the  character  of  which  is  little 
rn,  and  which   are  calle<l  wnanthic  ethers.     Some  of  them  have 
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been  shown  to  be  higher  members  of  the  alcoholic  series, 

would  seem  to  be  of  entirely  different  constitution.     The  ^^^^^^^j 

rived  from  their  giving  the  odor  and  taste,  or  bouquet,  to  WJ^  £^^ ^ 

Pure  alcohol  is  obtained  from  these  spirits  by  repeated  dJ^  ^^      . 
and  by  special  measures  designed  to  remove  the  water.     It  ^^^d^ 
used  in  medicine,  some  form  of  spirits,  wine,  or  beer  being  prf^  j 

instead.  d^^* 

Action. — The  value  of  alcohol  in  medicine  depends  upon  thre^^ 
points  :  1,  its  irritant  local  action  ;  2,  its  action  on  the  central  n^-^ 
system,  and  3,  its  value  as  a  food.  ^^ 

The  irritant  action  is  not  so  marked  as  that  of  many  other  substa^   /^ 
but  is  of  much  greater  importance,  owing  to  the  habitual  use  of   ^^' 
drug.     It  is  probably  due  at  any  rate  in  part  to  the  withdrawal    ^^ 
water  from  the  cells  and  is  shown  by  the  results  of  its  application     ^ 
the  skin,  to  wounds  and  to  the  mucous  membranes.     Applied  to  *^^ 
skin  in  sufficient  concentration  (c.^.,  60-90  per  cent.),  it  produces  reo 
ness,  itching  and  a  feeling  of  heat  like  other  volatile  and  irritant  sub^ 
stances,  such  as  the   volatile  oils.     Alcohol  is,  however,  much  less 
irritant  and  at  the  same  time  more  volatile  than  these,  so  that  unless 
its  evaporation  be  prevented,  it  may  produce  a  sensation  of  cold  and 
have  little  or  no  irritant  action  ;  this  is  especially  the  case  when  dilute 
alcohol  is  used,  no  very  distinct  appearances  of  irritation  of  the  skin 
being  produced  by  solutions  under  40-50  per  cent.     In  ulcers  and 
other  unprotected  surfaces,  the  irritant  action  is  much  greater  and  the 
cell  division  is  accelerated,  so  that,  judiciously  applied,  it  may  quicken 
the  healing  of  such  breaches  of  continuity.     Concentrated  solutions, 
however,  cause  a  precipitation  of  the  albumins,  and  act  first  as  astrin- 
gents and  later  as  corrosives,  until  they  are  diluted  by  the  fluids  of  the 
wound. 

Its  effects  on  mucous  membranes  are  similar  to  those  on  wounds. 
In  the  mouth  strong  alcohol  produces  a  burning,  unpleasant  sensation 
which  passes  to  the  throat  and  stomach  when  it  is  swallowed,  and  if  the 
concentrated  vapor  be  inhaled,  it  causes  irritation  and  reflex  closure  of 
the  glottis.  The  effects  of  alcohol  on  the  digestive  functions  are  so 
important  that  they  will  receive  further  attention  (page  140). 

The  action  of  alcohol  on  the  Nervous  Centres,  differs  a  good  deal  in 
individuals.  In  small  quantities  it  generally  produces  a  feeling  of 
well-being  and  good-fellowship,  along  with  increased  confidence  in  the 
powers,  mental  and  physical,  of  the  subject  of  the  experiment.  Larger 
quantities  are  followed  by  a  certain  amount  of  excitement,  marked  by 
laughter,  loquacity  and  gesticulation.  The  face  becomes  flushed  and 
hot,  the  eyes  brighter  and  livelier,  the  pulse  is  accelerated.  Even  at 
this  stage  self-control  is  partially  lost  and  the  will  power  is  weakened. 
The  speech  may  be  brilliant,  but  it  often  betrays  the  speaker;  the 
movements  arc  more  lively,  but  they  are  often  undignified.  The  loss 
of  self-control  is  often  indicated  further  by  furious  outbursts  of  anger 
and  unreasonableness,  or  by  the  indulgence  in  maudlin  sentimentality 
and  sensual  fancies.     The  sense  of  responsibility  and  the  power  of 
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^iniimtioa  between  the  trivial  and  the  important  are  lost,  and 
^  iudividutil  has  no  ro^rd  for  the  feelings  of  others  or  the  ordi- 
^^"^  conventions  of  life.  If  the  hout  be  further  «>ntinue<l,  the 
^>"V'€inents  become  uncertain,  the  speech  becomes  difficult  and  Btam- 
-rtng,  the  walk  becomes  a  stagger,  and  a  torpid  slumber  follows. 
•n  nausea  and  vomitiiig  set  in,  although  these  are  entirely  absent 
some  caaes.  On  awaking  from  slumber,  very  great  depres.sion  is 
merally  saflfered  from,  together  witli  nausea  and  vomiting,  and  want 
appetite,  which  may  last  for  .several  days  and  is  associated  with  all 
le  symptoms  of  acute  gastric  catarrh. 
Very  large  quantities  of  ah^ulu*!  lead  to  a  d«»p,  torpid  sleep,  whicli 
fvontually  passes  into  total  unconsciousness,  resembling  tlie  condition 
in  chloroform  an^sthetsia ;  the  re.^pinition  Ix^comes  stertorous  and 
|low,  and  the  face,  which  has  hitherto  been  flushed,  becomes  pale  or 
'anotic.  This  condition  may  last  for  several  hours  ami  end  in  death 
TrDtn  failure  of  the  respiration,  but  in  other  cases  the  anffisthesia  bo- 
unds less  deep,  and  after  a  very  prolonged  skn'p  tlie  patient  recovers. 
AVhca  the  stage  of  anaesthesia  is  reached,  it  la.sts  very  much  longer 
tliaii  tliat  prrwluced  by  chloroform  and  ether.  It  is  said  that  jHirsons 
ninly  or  never  recover  if  unconsciousness  lasts  longer  tlian  10-12 
^ours  afker  the  drinking  bout. 

The  effects  of  alcohol  vary  greatly,  however,  in  different  individ- 
uals and  in  the  same  individual  at  different  times.     One  person  is 
i^Dtlered  sentimental,  another  bellicose,  while  in  a  third  there  may  be 
nf»  appearance  of  excitement,  tlie  first  distinct  symptom  being  pro- 
fi>uml  slumber.     AVIien  drinking  is  indulged  in  in  company,  tlieexcite- 
)t  stage  is  a  very  common  plienomenon,  but  if  alcohol  is  taken 
iout  the  cxhilaruting  acconipauimcnta  of  bright  lights  aud  exciting 
companionship,  it  is  much  less  frequently  seen,  and  the  question  has 
thvrrfon*  arisen  how  far  the  environment  produces  tlt6  cxcttemcnt  in 
*lo)lioIio  intoxiaition. 

It  niay  be  slated  at  once  that  there  exist  two  distinct  views  a.s  to  the 
i>cti<tn  of  alcohol  on  the  central  nervous  system  :  the  one  stoutly  upheld 
°y  Binz  and  his  pupils,  that  alcohol  first  stimulates  and  then  depresses 
liie  nerve  cells;  the  oilier  championed  by  Sclimiedeberg,  Rmige  and 
*l»eir  followers,  that  it  depresses  the  central  nervous  system  rn>ni  the 
wgitining.      The  symptoms  of  excitement   i*c<|Uire  no  explanation  on 
tlieftrst  theory,  which  is  rather  to  be  looked  on  as  the  natund  exprea- 
s»m  of  the  facts  observed.     On  the  other  hand,  Schmiedeberg  ex- 
ioB  tliom  as  not  due  to  (rue  stimulation  of  tlit'  motor  ureas,  but 
ihc  resalt  of  those  areas  being  freed  from  control  l>y  the  weakening 
tlie   highest  functions  of   the   bniin  —  the   will    and    self-restraint. 
Ev(?D  the  smallest  quantities  of  alcohol  tend  to  les^^en  the  activity  of 
the  hrain,  the  drug  appearing  to  act  most  strongly,  and  therefore  in  the 
»in.illest  quantities,  on  the  most  recently  in^quiRHl  faculties,  ta  anni- 
hilate' !h(»se  qualities  that  have  Ix'cu  built  up  through  education  and 
experience,  the  power  of  self-contnjj  and  the  sense  of  responj^ihillty. 
The  question  is  a  most  difficult  one  to  decide,  for  on  the  one  hmid  it 
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The  medulla  oblongata  is  the  last  part  of  the  ceotral  nervous  syst^n 
to  be  acted  on  by  alcohol,  or  at  any  rate  to  undergo  complete  pa- 
ralysis. The  Bespiratory  and  Circulatory  Oentres  preserve  their  func- 
tions long  after  the  occurrence  of  complete  unconsciousness  and  the 
disappearance  of  the  ordinary  reflexes.  The  same  question  has  been 
raised  in  regard  to  the  respiratory  centre,  as  has  been  already  dis- 
cussed in  the  consideration  of  the  brain,  and  the  same  two  opposing 
views  have  been  upheld.  These  are  of  greater  importance  as  regards 
the  respiratory  centre,  because  the  advocates  of  the  stimulation  theory 
advise  the  use  of  alcohol  in  conditions  of  the  respiration  in  whidi 
it  is  directly  contraindicated  if  the  other  view  be  the  correct  one. 
The  question  here  is  apparently  much  more  simple,  because  the  ac- 
tivity of  the  respiratory  centre  can  be  estimated  directly  by  measuring 
the  number  of  the  respirations  and  the  amount  of  air  inhaled  during 
each ;  but  a  large  number  of  such  experiments  have  been  performed 
with  very  varying  results.  If  the  number  of  the  respirations  b€ 
counted  in  a  person  in  the  excitement  stage  of  alcoholic  intoxication, 
it  is  often  found  to  be  much,  greater  than  normally,  but  this  may  be 
due  to  the  muscular  movements  and  need  not  indicate  any  direct  action 
of  the  drug  on  the  medullary  centre.  And,  of  course,  this  excitement 
stage  is  not  elicited  in  therapeutics,  and  the  value  of  alcohol  as  a  res- 
piratory stimulant  must  therefore  be  estimated  in  cases  in  which  no 
such  excitement  is  caused.  A  number  of  such  estimations  have  been 
made  in  man  and  animals,  and  on  the  whole  the  evidence  shows  that 
in  man  even  when  no  excitement  is  produced  and  in  some  instances 
even  when  sleep  follows,  the  amount  of  air  inhaled  is  larger  than  before 
the  drug  was  administered  (Jaksch,  Zuntz  and  Berdez,  Creppert, 
"Weissenfeld,  Wendelstadt) ;  the  increase  is  generally  more  evident 
when  alcohol  is  taken  during  fatigue  aud  exhaustion  than  in  ordi- 
nary conditions.  This  may  not  -indicate  a  direct  stimulation  of 
the  respiratory  centre,  however,  for  the  increase  is  often  not  greater 
than  that  following  an  ordinary  meal,  and  may  therefore  be  attrib- 
uted to  the  respiratory  centre  being  indirectly  affected  by  the  activity 
of  the  stomach  and  intestine.  And  it  is  to  be  noted  that  alcohol 
may  have  more  indirect  effect  on  the  respiration  than  ordinary  food 
because  it  is  so  much  more  irritant  to  the  stomach  wall.  These 
ex|Xiriments  failing  to  determine  whether  the  respiratory  centre  is 
directly  stimulated  in  man,  another  method  has  been  employed  by 
Loewy  in  which  the  excitability  of  the  centre  was  estimated  by  ita 
rcsiwnse  to  the  stimulus  of  an  increase  of  the  carbonic  acid  in  the 
blood.  Unfortunately,  his  experiments  were  too  few  to  permit  of 
general  inferences,  but  they  lend  no  support  to  the  theory  that  the 
irritability  of  the  centre  is  increased.  There  is  therefore  no  sufficient 
evidence  that  the  respiratory  centre  is  directly  stimulated  in  man  and 
the  increase  in  the  amount  of  air  inhaled  may  be  due  to  the  peripheral 
action  of  alcohol. 

In  the  dog,  no  acceleration  of  the  respiration  occurs  after  alcohol,  while 
in  the  rabbit,  on  the  other  hand,  the  respiration  is  much  accelerated,  and 


ALCOnOL. 


\^ 


Krappelin  found  in  a  sorieH  of  careful  mpasurcments  of  the  simpltr 
cerebral  priKx-sses  that  the  receptive  and  intellcctunl  j>»\vers  weiv  wwik- 
eocd  by  very  small  ijuantities  of  alcohol,  while  the  motor  fiuK'tions 
seemd  to  be  fuuilitateci  by  snmll,  ami  retanlcd  by  lar^j^e  quantities. 
For  example,  a  person  under  even  a  small  dusu  of  iilt'")bi>l  makes  more 
errora  than  usual  in  a<lding  a  row  of  Hguros  and  in  reading;  a  scries  of 
unconnected  syllables,  and  apparently  rcwgnizes  letters  and  words 
soDien'hat  more  slowly.  It  is  interesting^  to  tin<l  that  the  subject  of  tlie 
experiiueot  is  )]uite  unaware  of  the  inferionty  of  lus  work  and  is  often 
jiersHadwl  tiiat  it  is  unusually  good.  Knu'|K'lin's  lalcHt  investigations 
tcmi  to  show  that  this  ctft-et  of  alcohol  lasts  much  longer  than  is  gen- 
erally recognized,  the  mental  etpiilibrium  l>eing  reinstated  only  12—24 
Iwmrs  after  even  very  moderate  indulgence  in  alcohol.  lie  leans  to 
I  lie  view  (hat  alcohol  weakens  and  jKir.ilyzos  sonic  parts  of  the  brain, 
witileprimarily  stimulating  others,  but  brings  forward  no  new  evidence 
that  tliis  stimulation  is  not  fictitious  and  really  due  to  the  removal  of 
the  bftrriers  of  self-restraint  l>y  the  paralysis  of  higher  areas.  Jacohj 
fomid  that  small  ditfercnci'S  in  weight  could  be  estimated  mure  correctly 
uti<lcralcoliol  than  in  the  normal  condition  of  the  bnn]»,  and  tins  would 
s«'m  at  first  sight  to  indicate  primary  stimulation,  but  he  believes  that 
I  the  true  explanation  is  a  retardation  of  tlic  cercbml  processes.  The 
I  wnsiition  of  pain  is  also  fonn<l  to  lie  lessened  by  even  small  quantities 
ofaicoliol.  No  unequivocal  evidence  of  the  initial  stitnuhint  action  on 
ttw  bnin  has  yet  been  adihiccd,  for  each  new  feature  mav  be  inter- 
prrteil  as  really  due  to  the  depression  of  controlling  or  iuhibitctry  func- 
twtis.  Of  Course,  there  is  no  absoliit^L'ly  ccmvincing  prcM^f  tliat  no 
stimulation  of  the  motor  areas  occurs,  and  no  physiological  pr^^of  of 
tne existence  even  of  ci>ntroUiug  areas  eau  be  iidduced,  \i\\w\\  less  of 
to<^r  paralysis  by  alcvihol.  On  the  other  hand,  no  other  known  drug 
cumulates  the  motor  areas  only,  w'ithout  increasing  the  activity  of  the 
lowiT  parts  of  the  system  at  some  stage  uf  its  action,  and  the  advocates  of 
t*":  stimulant  action  have  to  consider  chloroform  and  ether  also  brain 
MiDinlants,  for  they  cause  a  stage  of  excitement  very  similar  to  that  pro- 
'liiml  by  alcohol,  and,  in  fact,  have  been  used  as  habitual  iutoxicauts. 

Acute  alcoholic  Intoxication  leaJs  to  very  tlisUnct  alterations  iu  the  histo- 
il^«il  nppcarAnce  of  the  eells  of  the  eentral  nervous  system,  wIoL-h  have 
[licvu  ile^ribed  by  Oehio,  Stewart  ftiid  others.  Tho  chief  change  noted  by 
•ficm  (•«n?i'^lrt  in  replacement  of  tho  ehromatin  network  by  fine  granules, 
*bich  in  turn  Hoem  to  l»eeome  (liss«)Ive(l  iti  tfic  ^teuenil  cytci|ilnsm.  Staining 
ts,  therufure,  give  rise  to  a  diirustMl  cuUtratiun  uf  tin-  cell  niHier  than 
lized  masses  of  color,  such  as  are  seen  in  llic  normal  ctll.  The  dcn- 
are  shortened  and  exhibit  nHuuliMl  [lodositcs  alon^  their  eourse. 

In  the  lower  parts  of  the  central  nervous  system  the  evidences  of 
irimar)'  ilepre8si<)n  are  less  open  to  question.  For  example,  tlie  coor- 
Bnation  of  the  movements  suffers  at  an  early  stage  in  alcoliol  drink- 
Pg,  ^<^*'*K  before  the  generally  rt»cognize<l  forms  of  lack  of  roi'u-di nation, 
ich  ns  indistinct  sjK'ech  and  staggering,  appear.  In  the  spinal  cord 
Icohol  causes  a  depression  of  the  reflex  irritability,  which  passes  into 

aplcte  paralysis  some  time  l>efore  the  res|)iration  ceases. 
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The  medulla  oblongata  is  the  last  part  of  the  central  nervous  system 
to  be  acted  on  by  alcohol,  or  at  any  rate  to  undergo  complete  pa- 
ralysis.    The  Bespiratory  and  Circulatory  Oentres  preserve  their  func- 
tions long  ailer  the  occurrence  of  complete  unconsciousness  and  the 
disappearance  of  the  ordinary  reflexes.     The  same  question  has  been 
raised  in  regard  to  the  respiratory  centre,  as  has  been  already  dis- 
cussed in  the  consideration  of  the  brain,  and  the  same  two  opposing 
views  have  been  upheld.     These  are  of  greater  importance  as  r^ards 
the  respiratory  centre,  because  the  advocates  of  the  stimulation  theory 
advise  the  use  of  alcohol  in  conditions  of  the  respiration  in  which 
it  ia  directly  contraindicated  if  the  other  view  be  the  correct  one. 
The  question  here  is  apparently  much  more  simple,  because  the  ac- 
tivity of  the  respiratory  centre  can  be  estimated  directly  by  measuring 
the  number  of  the  respirations  and  the  amount  of  air  inhaled  during 
each ;  but  a  large  number  of  such  experiments  have  been  performed 
with  very  varying  results.      If   the    number  of  the  respirations  be 
counted  in  a  person  in  the  excitement  stage  of  alcoholic  intoxication, 
it  is  often  found  to  be  much  greater  than  normally,  but  this  may  be 
due  to  the  muscular  movements  and  need  not  indicate  any  direct  action 
of  the  drug  on  the  medullary  centre.     And,  of  course,  this  excitement 
stage  is  not  elicited  in  therapeutics,  and  the  value  of  alcohol  as  a  res- 
piratory stimulant  must  therefore  be  estimated  in  cases  in  which  no 
such  excitement  is  caused.     A  number  of  such  estimations  have  been 
made  in  man  and  animals,  and  on  the  whole  the  evidence  shows  that 
in  man  even  when  no  excitement  is  produced  and  in  some  instances 
even  when  sleep  follows,  the  amount  of  air  inhaled  is  larger  than  before 
the   drug   was   administered   (Jaksch,   Zuntz  and  Berdez,  Geppert, 
Weissenfeld,  Wendelstadt) ;   the   increase    is  generally  more  evident 
when  alcohol  is  taken  during  fatigue  and  exhaustion  than  in  ordi* 
nary   conditions.     This   may    not  -indicate   a   direct   stimulation   of 
the  respiratory  centre,  however,  for  the  increase  is  often  not  g^reater 
than  that  following  an  ordinary  meal,  and  may  therefore  be  attrib- 
uted to  the  respiratory  centre  being  indirectly  affected  by  the  activity 
of  the  stomach  and  intestine.     And  it  is  to  be  noted  that  alcohol 
may  have  more  indirect  effect  on  the  respiration  than  ordinary  food 
because  it   is   so   much   more   irritant  to  the  stomach  wall.     These 
exfKiriments  failing  to  determine  whether   the   respiratory  centre   is 
directly  stimulated  in  man,  another  method  has  been  employed  by 
Loewy  in  which  the  excitability  of  the  centre  was  estimated  by  its 
response  to  the  stimulus  of  an  increase  of  the  carbonic  acid  in  the 
blood.     Unfortunately,  his   experiments   were   too  few  to   permit  of 
general  inferences,  but  they  lend  no  support  to  the  theory  that  the 
irritability  of  the  centre  is  increasetl.     There  is  therefore  no  sufficient 
evidence  that  the  respiratory  centre  is  directly  stimulated  in  man  and 
the  increase  in  the  amount  of  air  inhaled  may  be  due  to  the  peripheral 
action  of  alcohol. 

In  the  dog,  no  acceleration  of  the  respiration  occurs  after  alcohol,  while 
in  the  rabbit,  on  the  other  hand,  the  respiration  is  much  accelerated,  and 


ibf  anoant  of  air  inhali^d  ahowH  a  cnrrea|MDding  increase.  Jacquct  hue 
ftttetnfitfxl  to  »bo\v  Ihut  thii<  is  due  tu  the  local  uctiou  of  the  ulcohol.  and  not 
Gu»iiy  (lirtrct  effect  on  the  nervoiia  aytem,  but  his  reauUa  Imve  been  disputed 
b)' Wilmiinii^ ;  Singer  ii!s<i  refu»*'a  to  recognize  the  changes  in  the  riibbit's 
R»pir»lion  aa  an  indicution  of  <lirect  action  on  the  respiratory  centre  iiiul  js 
£<]K>M*il  to  attribute  them  to  the  irritation  of  the  stomach  and  the  incre4u?c<l 
■HWDUr  activity  which  is  rendered  necessary  by  the  loss  of  heat  entailed 
\fylhf  ililiitution  of  the  cutaneous  blood  vessels, 

hi  :tliort.  there  is  no  unf(|uivoi'al  evidence  that  the  increase  in  the  rospi- 
Btioo  under  alcohul  in  health  is  duo  to  direct  stimulation  of  the  reiapiratory 
eMtrc,  while  on  the  other  hand,  no  depression  of  the  activity  of  thus  centre 
oonin  rxcept  at  a  late  liitafce  of  alcohol  poi^^onin^.  Alcohol  is  often  said  to 
dov  the  respiration  in  fever  patients  and  to  gttmulale  it  in  cases  of  phock. 
b  thi*  linO.  t^ase,  however,  there  need  be  no  direct  action  on  the  respiratory 
ocnlri',  for  it  seems  much  more  likely  that  the  impruvement  (when  present 
atall)l9  dneto  the  alcohol  lesscninx  the  excitement  through  its  narcotic 
Ktion.  The  [mtholoj^y  of  Hhock  is  no  little  understood  that  it  wouhl  bo  use- 
Iw  to  attempt  to  explain  itw  therapeutics,  but  if,  as  is  held  by  many,  shock 
ii  a  ooadillon  of  Krcat  inhibitory  activity,  the  action  of  alcohol  may  he 
expl&inrd  by  i(«  deprei^satit  etfects,  while  on  the  other  hand,  it  is  dilficult  to 
txjtUii}  ihi>i^e  two  contratlictory  elfocts  on  the  theory  that  alcohol  is  a 
minulaut. 


Th*  whole  question  mipht  be  supposed  to  |)os3e»s  merely  theoretical 
inti-nrnt ;  in  raises  iu  which  the  respiration  is  insufficient  it  would  seem 
tW  it  is  of  little  moment  whether  it  is  improved  by  a  direct  increase 
■cLivity  of  tl»o  centre,  or  by  some  peripheral  action.  This  is 
correct,  however,  for  if  the  respiration  is  increased  oidy  to  cope 
mth  tKe  products  of  the  augmented  activity  of  the  alimentary  tjact, 
iHe  j^ueml  economy  may  profit  little.  On  the  other  han<l,  if  the  air 
itt«pirwi  is  augmented  in  a  greater  patio  than  these  products,  as  is  the 
Btte  when  the  fx-ntre  is  <lirectly  stimulated,  the  advantage  to  the  organ- 
ipin  i^  n>rn*spontlinKly  ijresit. 

The  action  of  aK*>hol  on  the  Circulation  is  no  less  disputed  tlian  that 
•«  tin*  r»^piration,nnd  the  same  diver^onoe  exists  in  the  statements  of 
the  iiuppi>rtera  of  the  stimulation  theory.  The  r«*al  founclntion  for  this 
Tiew  is  here  a^nin  the  mx^eleration  of  the  pulse  during  the  excitement 
nf  alaoboHc  intoxie:ition,  which  may  be  duo  to  the  incrciiscfl  mn?oular 
4bri  tad  not  to  any  dirtvt  action  on  the  heart.  Jacipiet  has  shown 
tbtitw  ptilfie  rate  is  unnltere<l  by  ali^thol  in  normal  cases,  pnivided 
(W  DO  excitement  be  prixlucctl  by  the  environment.  In  animals 
tUiol  kas  no  effect  on  the  pids<!  rate,  unless  given  in  very  large  ijuan- 
il  p^^bKH:*s  etrects  sinnlur  to  thoHi*  described  under  chloro- 
aod  ether  —  weakening  of  the  auricular  systole,  and  later  nf-  the 
r,  witli  distention  of  both  cavities  and  slowing.  The  effects 
tlaohol  on  tht*  heart  are,  however,  very  much  less  marked  than 
rofi>rm,  for  Dicballu  found  that  48  times  as  much  alcohol 
wns  retpiiivd  to  modify  the  movements  of  the  frog's 
ttiAt  in  order  to  bring  it  to  a  standstill  10*J  times  as  much 
«  requinxl.  I>ieb  has  recently  shown  that  the  cat's  heart 
to  bolt  sUtmgly  when  a  2  per  cent.  Holuti4m  of  alcohol  is 
ptf&ad  ttmiugfa  tbc  coronary  vessels.     Alcohol  having  Ix'cu  shown 
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not  to  inoreaiw  the  rate  of  the  heart,  its  advocates  have  bc^in  to  stntc  that 
ihr  fiini-  of  the  contraction  is  au^nient*Ml,  without,  linwever,  brin^ing^ 
fciFM'nnl  any  eviilcnce  of  ihi-^  wortliy  of  attention.      In  animal  expcn- 
rrn^rtl.H  It  has  Ixi-n  sliown  thiit  the  first  etfeet  tt{  alooliol  (»n  tlio  heart  is 
l(;-«eiic«l  ertieieney  and  weakness  of  the  coutnictions.     (Figs.  2  and  3.) 
The  flushing  of  the  skin  which  oeciirs  in  aleoholic  intoxication  would 
-  .m  to  |M»int  lo  some  va;icuiar  action,  but  it   is  impossible  to  say  at 
■' ni  wliat  the  natnre  of  this  action  is.     It  indicates  dilation  of  the 
«kin  vi'ftselH,  but  whether  this  is  of  central  or  peripheral  origin,  whether 
liac  to  stimulation  of  dihitor  centres  or  paresis  of  vaso-eonstrictors,  is 
auknnwn.     The  widening  of  the  blood   path  through  this  dilation  is 
Imtsliffhl,  and  pnwluce:*  little  or  no  fall  in  the  geueral  bloiMl-prt^sure. 
Wry  litrge  rpiantitiej^  of  alcohol  cause  a  marked   fall   in   the  arterial 
U'osion,  thn>iigh  weakening  the  vaso-Cf>nstrictor  centres  and  (he  heart 
toiBcle,  but  the  quantities  of  alcohol  required  to  cause  any  great  fall 
lu  b!ot)d-pres8ure  an*  far  in  excess  of  those  used  in  therapentics.     It 
111*  Itwn  suggested  that  the  widening  of  the  arteries  may  in  itself 
ty\wvv  liir  heart  by  h^-^sening  the  resistance  against  which  it  has  to  con- 
tract, but  it  baa  yet  to  be  proved  that  any  marked  dilation  of  the  vessels 
rft-urs  before  the  direct  action  on  the  heart  muscle.     Some  evidence  of 
[fail  is  forthcoming,  it  is  true,  lor  Hammeter  found  the  velocity  of  the 
M'^kI  current  increased  by  alcohol,  but  he  dues  not  state  the  quantity 
iwii  in  his  ex^wriments. 

Tb*  slowing  of  the  heart  which  often  f()llow*s  the  administration  of 
ikttM  in  fever,  would  seem  due  rather  to  its  diminishing  the  cerebral 
-iritement  than  to  itrf  direct  action  on  the  heart.  On  the  other  hand, 
tbeillrgi**]  improvement  of  the  circulation  in  shock  may  be  due  to  a 
niex  from  the  irritant  locfll  action,  and  certainly  would  not  seem  to 
n^{uirc  «iir  dirvct  cardiac  action  for  its  explanation. 

Atobnl  hsA  liulf  rlTeet  tui  Muscle  <>r  on  peri|*1i«^ml  Kerves  wIumi  it  in  onrriod 

b4rvliT  il"- I'l !.  Iitit  I^v  KtjiU-s  that  trtt^i*  imiwlc  i^  stiuiulutiil  by  t*iimll 

ueii  by  larper  amimnti*.  Wht'n  u  fr't^'i*  ner\'e  i«  exjuiwd  lo 
irritnbility  ii*  firwt  in(T«i>MMi  and  later  <liiiiini(*hed  if  the 
.irjfi' I'liennrh.  This  fact  hiwlMM-ri  iinecl  by  S<-heirer(nex|>Iain 
:iphic*  ex|ierinu'iits  in  wbicli  tlie  amount  of  work  dunr  under 
II  jmcnted.      He  rejTHnls  ihic  auginuntjitidii  Ui*  due  nitl  t^>  ceulral 

.J  the  peripheral  processes  being  facilitated.     The  8eusor>' 
lia»  ar»  aoid  to  be  depressed  before  the  motor. 

"f  alcohol  on  the  Digestion  has  been  the  subject  of  many  in- 
•<ilh  from  the  clinical  and  the  experinieiitid  point  of  view. 
I  wi<lespread  iH-lief  in  Iwth  lay  and  medical  circles  tliat 

ll  ,jM. .ivs  of  alcohol  taken  before  a  meal   increase  the  appetite, 

»hile  afier  fcKxl  they  accelerate  the  digestion.  It  is  (tbvious  that 
iksJi."  "'    r  digestion  either  by  altering  the  activity  of  the  fer- 

Ohvt-  -tive  eiinal,  or  by  altering  ihe  secretion,  nu»venient, 

ortlkmrpCiun  of  the  stunmch  and  intestine.  The  digestive  power  of 
tk  famtHia  ouUide  the  body  has  been  found  to  be  unaltered  or 
i%htljr  ioeraoted  when  alcohol  is  present  in  veiy  small  tpiuntity.     In 


0BC.A>-ICDB^  f  i^*^l  or  of  spirits    h 

'^^'erv  i«^  quantities  of  ^~:k^ '*""'""«« 

'    -Ait'tbat  sufficient  .Wl!„.  "P**"'  Precipitat. 


,  t.roteids,bot_^i       tW-^.*,  more  detrunental  to  thedi~8tiv3^  '°'^' 
ert  ever  ««»'"\i°«^,^  -=^**  «,d  the  "ogmeDtation  of  thf^^JT  •*^™«nt« 

^t  nure  alcohol  ^^^^^^ ^^^^^  ^effects  of  alcohol  on^      1'*'*'^  tl»«t  it 

.lays  any  ''"P°^Talco»»-='^   L  verj"  appreciable  increase  in^th^  Ch.tten- 
Tbe  PT<»«""^  T!cki«>**^i^.t  reflex  action.    As  regards  .h      ^'et'on 

^«tion  fr^'T  f^iSed  ^^^it,  this  P"^  still  shares  in  th?^  «;'.^«" 
the  stomach  IS '^'"^^^-er  secretion  is  not  al^      '"'• 

by  the  mouth  f^d'°ko--^^5^;  alcohol  not  accelerating  the  for3  «"^ 
According  t;  JJ^ente**  -  **'„erelr  leading  to  the  sec^tion  Se  ^  ^^ 
"^P^^^rtC^epsi^  t>*'3;„,ilar  effects  have  been  obtained  SjTu" 
pepsin  from  V^'^^^'^^,  Alcohol  by  the  rectum.  It  has  been  ^^^^ 
formed  '" '^.Iterea  ^^^^ion  ohuids  from  the  stomach^nd  J^^f 
SP'"*'  ";«t^?  *»t  the  at>^  J^dition  of  alcohol  (Brandl,  Scan^x^  fc" 
demonstratea  t^'fhe  movements  of  the  stomach  are  alLT ff 

"'?''''=^TaPpe^ner),ana  *\V.es.     (Klemperer,  Batelli.)     "« ''•^o  aug- 
stemcr,  ^/'^^grate  q"f -^h  ""^y  ^'^"^  "^  influenced  in  two  opposite  h; 
■"'^"*.'    \lX  the  8torc»^^^;„istered  in  the  usual  form  of  wi^HSiu' 
S:Xn  alcohol  is  -*lhc  ferments  is  deleterious  while  the^h^gS 
rcctions  action  p»     jpcreased  secretion  and  movement  dnA  fiT 

or  beer.  i".  ^^  tbe  J^gneficial  in  many  cases.  These  two  oni^  • 
'"  ^^^  ^Sirption.a^^^^^ther,  as  in  the  dog  in  which  the  wteofrj^! 
decelerate  U^^  1  j;,e  ^,ch  «  j;  ^jf^^j^  „|  ^,^^  j  the  pr^LS^ 
f"'=^":-''":S  altered,  tU-\i,,  „.ore  abundant  secretion  of  ^thf?!^''' 
f'"T:  mpensatod  fo^  ^^^Icohol  is  absorbed,  and  thereforl^ftf/^ 
\S  nf'""-  -ft;%;rfermentatu,n  have  disappeared.  (ChiSe„ 
Wctorlous  ciV.cts  on  tbc  ^^    ^^^^,^  ^^^^^^  ^^^  ^^^  aen^ 

xf  1  I  and  Jackson.)  ^^  other  ,n  others.     Thus,  while  Kret^^ 

^^!1    •  t'nt?  i"  «""T  f  Tthe  aigcstion  of  proteids  in  the  humanltoS 
^"7    uchuorfouml  that  tU  ^  ^^^  i         Eid^enberg,  WolffS 

i  iSinctly  reumled^^fi  quantities  of  alcohol  or  winetceSX* 
and  others  state 
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n,  nmi  Glti/insky  c:iine  to  the  conclusion  that  as  long  as  alcohol 
litis  in  tlio  Htomanh  tho  digestion  is  retarded,  but  that  afYirr  it±i  ab- 

pplion  the  digestion  prog^rosses  more  rapidlji'  than  if  uo  alcohol  had 
heen^ivon.  /iintz  and  ^ragniis-Ijevy  have  shown  that  the  addition  of 
beer  10  the  dietary  docs  not  affect  the  absorption  and  utilization  of  the 
food  by  the  tissues.  It  is  not  unlikely  that  the  taste  has  some  influ- 
ence oo  tlu'  result,  that  in  those  who  enjoy  the  tjiste  of  ainthol,  it  in- 
duces a  more  rapid  secretion  and  an  improved  digestion,  while  in  those 
bi  whom  it  is  disagreeable,  the  secretion  is  less  altered. 

The  divergence  of  opinion  exists  only  in  reganl  to  the  effects  of 
small  quantities,  for  all  are  agreed  as  to  the  <leletorious  action  of  any 
but  mtMlerate  doses  of  alcohol  on  the  digestion.  After  large  quantities 
the  irritation  of  the  stomach  wall  is  so  great  that  nausea  and  vomiting 
an  induced.  There  is  every  reason  to  suppose  that  this  .is  due  to  the 
lonl  irritation,  and  not  to  the  action  of  the  alnorlied  aIr^>hoI  on  the 
nervous  centres.  A  large  dose  of  eoncentrateii  alcohol  sometimes 
leaw  evidence  of  its  irritant  action  in  redness  and  injection  of  the 
nnoous  membrane  and,  it  is  said,  in  ccchymoscs,  hut  in  most  cases 
rf  Cital  ]>oisoning  no  such  appearances  are  to  be  observed  after 
Htttii. 

Ii  Alcohol  a  Food?  —  This  has  long  l)een  discussed,  and  that  with 
nwre  passion  and  prejudice  than  arc  generally  elicited  by  pharmacolog- 
wl  (jiiestions.  It  was  formerly  supposed  that  the  alcohol  absorl>ed 
fniiQ  the  stomach  was  excreted  unchanged  by  the  lungs,  skin  and 
kidneys,  and  therefore  gave  up  no  energy  to  the  liody  in  its  passage 
tlirough  it.  But  it  has  been  shown  that  only  the  small  amount  of 
from  0-10  per  cent.'  of  the  ingested  alcohol  is  really  excreted  in  this 
»»y,  and  that  mainly  by  the  kidneys  and  liings^  tlie  skin  taking  prac- 
(itally  110  part  in  the  excretion.  The  rest  (►f  the  aU-ohol  abst>rl)ed 
™  tlie  stomach  and  bowel,  amoiniting  to  ov^er  flO  per  ixnU.,  undergoes 
*iiibufttiou.  The  fact  that  none  of  the  produces  of  the  combustion 
wve  been  Isolated  fmm  the  body  does  not  invalidate  this  statement, 
''tf  the  corresponding  products  of  sugar  are  not  known,  but  there  is  no 
tiwU  that  sugar  is  oxidized  in  the  body.^  According  to  Grehant's 
fWHit  work,  the  oxidation  of  alcohol  progresses  slowly,  appreciable 
wuounts  being  found  in  the  bhHKJ  twenty-four  hours  after  its  ingestion  ; 
diisacoords  with  Kraepelin^s  statement  that  its  effect  on  the  brain  can  be 

'Beoent  inve^tif^tions  aupffcst  that  oven  tliis  in  too  high  a  valuntion  tor  the  alcohol 
•^MHed  and  tlial  only  2^3  jwr  tfiit.  of  tlmt  inp-Mtwl  i50ia.pe«  oxidiition.  In  panieiilar 
iltcnieems  reason  to'queation  whether  anything  more  than  tnu-cs  i^^ye  l>v  the  lungs. 
ATwrsnuiII  4}nnntity  appears  in  oombinntinti  with  glyiiiironic  acid  in  the  urine  of 
•otoeininwlu,  nouMy  the  rahhit. 

Mt  hiu  been  «nirA''>**d  that  the  oxidation  uralcfiluil  in  \\\v  \mi\y  may  not  pive  nue 
t"tbe«njc  pniducti^  aM  iu  oxidation  in  tile  clieniicnl  IiihuraEorv.  If  nldehydc  were 
^}finc)  it  would  be  excreted  iti  pnrt  by  the  \\\\\^  and  kidncyts,  for  ahlehyde  injecle<l 
the  M«hkI  at  oDce  appesm  in  the  bpeatli  and  nrine.  Aceliu  acid  Iioh  never  tteen 
ifie<I  with  certainty  after  aleahol,  but  formic  aeid  it*  excreted  after  methyl  alcohol, 

fit  therefore  wenis  pmbatdelhat  ethyl  alcohol  in  oxidized  to  acetic  acid  immediatelyi 

'  thmt  tbid  at  once  uDdergiKS  furtlter  decomposition. 


J 
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dewcted    :r5c»r  12-24  houi^    ^^  "''^'*«°L"?  «?«»>"stion  alcohol  give*  np 

^  tr»      *  '"■  '*^>'  ""''  tnere'ore  is  twhuicallv  a  food      Tl  •     f         ' 

energy  tc»        i  tL  a  gn-al  deul  of  o,,,K«itioD,  m.d  il.e  «^;  f  J.  .t    "TT! 

^"'  '"  L^uergy  to  the  body  d.5,4  not  o^nslhuX^-^ZjA^}     'f  r'^t'' 

SHonditions      For  example,  the  question   might  be  T^\.^i  ^Cr 

u,  lUat  li  VM^rated  by  .U  combustion,  or  whether  its  action  on  U,e  nemm 

^mn>UeH.        .J^^^;*  ^»'^^  »^^'^,  been  ansuxTod  by  exix^riu^ents  in  w^ 
the  c*xrV>onic  acid  excretion  of  U»e  body  has  been  measured  iXa 
after  alcol'ol.     /"otz  and  Berdez  and  Gepj^ert   have  shown  uZ 
tnetW  that  after  alcohol  is  taken  ashght  nseof  5-10  per  cent.  Lu« 
n  tbe  output  of  «^^bomc  acd  ;   that  ».,  a  small  amount  of  exfrn  Z 


in  the  oui^"'  ^-  .  .  *    r  "        ""lount  ot  extra  com- 

bustion j?oc*^  ^"'  **  ^'^'^  """^""^  of  energy  ,s  recjuired  for  the  ab^I 
"on,  but  this  is  not  gr^^ter  than  that  required   for  the  atxsoX  iS 
any  other  form  of  food.     And  the  total  amount  of  «irbonicTcid  ex- 
creted io  24  hours  .a  not  «Ppreo.abkalter^l  by  aUx>hoI,so  that  alcobl 
taken  in  addition  to  the  onlinary  food  is  cither  ii«elf  trtinsformd  i«.o 
tissue,  or  undergoes  ox.dm.on  instead  of  some  substance  which  in  ixm 
is  use<l  to  binld  up   he  body.     Strassmann  has  sho^yn  that  animals  tfa.l 
receive  alcohol  tend  to  lay  on  more  fat  than  others  reoeivin^  the  .arw 
f<K>d  without  alcohol,  and  this  is  ,n  accord  with  the  common  oUrva- 
lion  of  the  obesity  of  alcohol   drinkers.     Alcohol,  therefore,  nct^s  a.  a 
substitute  for  fats  and  carl »ohyd rates  in  the  hnxi  to  some  extent. 

It  has  long  l>i*cn  recognized  that  when  insufficient  fat  and  carbohv 
drate  is  suppli^l  to  the  body,  the  protei<Is  arc  drawn  niKm  to  make 
good  the  deficiency  and  the  nitrogen  chminatetl  rises  accordinidv  On 
the  other  hand,  when  the  fals  and  carbohydrates  of  the  foo^j'areiii- 
crenned,  the  organism  ec<ninmizes  its  pn>tcid  and  the  nitrogen  tend^  to 
full.  Tliis  is  the  most  accurate  mcthcxl  of  testing  the  food  valneof 
non-nit  mgenous  substanee^s,  and  alcohol  has  bei-n  the  subject  of  a  nuiu- 
brr  (►f  such  investigations.  The  divergent  results  have  given  rise  in 
the  hist  few  years  lo  a  series  of  experiments  whi<-h  promise  to  l)ce*mie 
clo^sieal  for  ihe  extraordinary-  patience  and  C4jiis<  ientionsness  exhihitt<l 
■  hy  those  engaged  in  them  as  well  as  for  the  complete  agreement  in  the 
results  ohtaincd  by  investigators  who  approached  the  subioct  with 
opinions  which  were  diametrically  opiM)sed.  These  t'X|>eriments  whicli 
may  b<'  cited  as  models  of  investigations  in  metaktlism,  were  i»erfornied 
by  Neumann,  Atwater  and  Benedict,  and  Rosemann  and  hia  pupils. 
The  results  may  best  be  illustratwl  by  an  account  of  Xeumaan's 
first  ex|x^riment. 

This  lasted  .'^•'>  days  divided  into  wx  periods.  The  proteids  of  the 
food  and  tlic  carlKjhydrates  rfuiained  cimstant  tlmnighont  wJiile  ulcoho! 
was  substituted  for  part  of  the  fat  for  some  time  (see  Fig,  4)  iv,- 
ing  the  first  five  days,  the  nitrogen  excreted  was  practicjilly  ^„al  to 
that  of  the  frnxl  (nitrogenous  ecpiilibriuni),  while  during  the  next  four 
days  on*;  half  of  the  fat  of  the  food  was  omitted  and  the  immediate  result 
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in  the  nitrogen  excreted,  indicating  tlint  the  proteids  of 
ly  were  being  drawn  upon  to  make  good  the  dcticit  in  the  fat  of 

Fio.  4 


if 


/■ 


^pIRrt  of  ultxtltol  on  nltmi^fD  «Iinittial[<^n.  The  war(^-^np  r«t)rf4ent«  the  nltmc^jn  exeretad.  It 
«  njitilt;^  in  Itie  •*'Ct>o'l  }mt)'mJ  trbeii  llif  Tat  nf  Ihr  ftxKl  wii^  rcdtic*^!  to  unti  liair,  hut  sooo  AUl*  In 
dim)  urrUitl  when!  aloubul  wu  Aubatituted.  100  g.  uT  alcxiboL  is  cUeiuicaliy  cijuicalcat  toTHg. 
kL    (An«r  Nkvmask.) 


efood.  The  next  too  days  a  quantity  of  alcohol  cliomically  oqiiivalcnt 
tie  fat  dcticit  was  taken  and  the  nitrogen  cliuiinatieni  slowly  ieli  to 
Btiormal  (equilibrium).  In  the  first  five  day?  of  this  pcriixl,  however, 
e  nltrojfeu  remained  high,  showing  tiiat  alcohol  did  uot  at  first  replai;e 
e  fats  ct»mpletely.  In  the  fourth  period  of  six  days,  the  same 
munt  of  fat  was  given  as  at  first,  while  the  alcohol  was  continucnl, 
id  the  nitrogen  fell  much  below  the  amount  ingested  ;  i.  e.,  the  aI«)hoI 
Oin  led  to  a  saving  of  the  proteids.  Next,  lx>th  aU^ohol  and  fat 
fte  omitted  for  four  days  and  tlie  pi\>t*'id  tissues  were  again  drawn 
»n.  Finally  the  original  diet  was  resumed  and  the  nitrogenous 
mlibrium  was  at  once  restoitni.  From  this  experiment  Neumann 
RW"  the  (vmchisiiin  that  alcohol  can  ri'p]a<:e  a  cheniUnilly  ('i|uiv:ih'iit 
loimt  of  fat  in  the  dietary,  f<>r  otlior^vise  the  nttniKcn  would  nut 
j^ttunuHl  to  the  normal  toward  tlic  end  of  tlie  thinl  period  ;  and 
Ml  given  along  with  a  sulhcicut  dietary  leads  to  a  further  economy  of 
» proteids  just  as  additional  fat  would  ;  otherwise  the  nitrogen  would 
\  have  fallen  Ixrhnv  the  point  of  eipiilihriinn  in  the  fourth  period, 
rtiiin  objections  which  were  made  to  this  experiment  by  Roscmann 
PC  been  rcfnte<J  by  his  own  work  and  by  Neumann's,  so  that  Loth 
wtigators  arc  now  in  accord. 

The  final  re:sult  of  all  these  investigations  is  that  alcohol  can  take 
place  of  some  of  the  fat  in  the  food^  and  leads  to  tlie  same  economy 
[iroteid  as  tlie  ordinary  iion-nitnigenous  constituents  of  tlie  dietary. 
1  first  three  or  four  days  tlnnng  which  alcohol  is  substituted  for  fat 
■s  little  or  no  tendency  to  L-cononiiKe  the  proteids,  but  this  is  true 
>ther  fonnB  of  footi  also,  any  sudden  change  in  the  non-nitrogenous 
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food  leading  to  a  temporary  increase  in  the  nitrogen  excreted,  ^rhich 
persists  until  the  tissues  have  become  accustomed  to  the  new  dietary. 

Metabolism.  —  It  was  formerly  supposed  that  alcohol  economized  the 
body  tissues  in  some  ill-defined  way,  by  means  of  a  direct  action  on 
the  protoplasm  of  the  cells  ;  as  it  was  expressed,  alcohol  lessened  tbe 
combustion  of  the  tissues.     There  is  no  reason  to  suppose  that  alcohol 
in  ordinary  quantities  has  any  action  on  the  tissues  save  as  a  food,  for, 
as  has  been  mentioned,  the  oxidation  of  the  tissues  as  measured  by  the 
oxygen  absorbed  and  the  carbonic  acid  exhaled  is  only  affected  as  it  iB 
by  any  other  food.     When  very  large  quantities  of  alcohol  are  taken^ 
and  depression  and  sleep  follow,  the  combustion  of  the  body  is  reduced, 
not  through  any  action  on  the  protoplasm  generally,  but  through  the 
muscular  movements  being  lessened.     In  the  same  way,  during  the  ex" 
citement  stage,  the  carbonic  acid  exhaled  is  doubtless  much  increased, 
because  more  energy  and  more  of  the  body  tissues  is  used  up  in  the 
violent  movements.     Of  course,  the  oxidation  of  alcohol  by  the  tjssues 
saves  fat  from  combustion,  and  it  is  possible  that  some  bodies  which 
would  normally  be  oxidized  in  the  organism  may  pass  through  it  un- 
changed in  the  same  way ;  thus  it  is  stated  tliat  less  benzol  is  oxidized 
in  animals  under  the  influence  of  alcohol   than  in  unpoisoned  ones. 
The  influence  of  alcohol  on  the  uric  acid  excretion  seems  to  vary  with 
the  individual,  for  while  no  definite  change  has  been  observed  in  some 
cases,  even  when  large  quantities  of  alcohol  were  taken,  Beebe  found 
a  distinct  increase  in  the  quantity  excreted  under  moderate  doses.     He 
ascribes  this  result  to  alcohol  disturbing  the  functions  of  the  liver,  and 
further  evidence  of  this  action  has  been  found  by  Paton  and  Eason  in 
the  lower  proportion  of  urea  to  the  total  nitrogen  of  the  urine. 

The  Temperature  of  the  body  falls  somewhat  afler  the  administration 
of  alcohol,  but  this  is  not  due  to  any  diminution  in  the  oxidation  and 
in  the  heat  formed,  but  to  the  greater  output  of  heat  from  the  dilation 
of  the  skin  vessels.  The  fall  in  temperature  is  comparatively  slight, 
seldom  being  more  than  J-l°  C,  but  it  would  seem  that  exposure  to 
cold  causes  a  greater  fall  in  the  temperature  after  alcohol  than  in  nor- 
mal conditions;  this  is  perhaps  due  to  the  temperature-regulating 
mechanism  being  rendered  less  sensitive  by  alcohol. 

The  fall  in  temperature  produced  by  alcohol  is  generally  accompa- 
nied by  a  feeling  of  heat,  and  a  thermometer  applied  to  the  skin  may 
actually  show  a  rise  of  several  degrees,  because  more  warm  blood  flows 
through  the  dilated  vessels.  If  much  excitement  and  movement  follow 
the  ingestion  of  alcohol,  no  fall  in  the  temperature  may  result,  the  in- 
creased heat  formed  during  the  movement  compensating  for  the  increased 
output,  and  in  some  cases  a  rise  of  temperature  occurs  from  the  same 
cause.  Very  large  quantities  of  alcoiiol  may  lead  to  a  fall  in  temper- 
ature of  3-5°  C,  owing  to  the  lessened  movements  during  uncon- 
sciousness. 

The  alcohol  which  escapes  combustion  in  the  tissues  is  excreted  by 
the  kidneys  and  perhaj>s  by  the  lungs.     Traces  are  sometimes  found 
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in  the  swtut  tuitl  milk,  but  tticrc  is  no  foimdutinn  fur  the  legend  that 
rliiUrt-n  may  U*  intoxicatedj  or  awjuire  a  ta.ste  for  j*tnmg  drink  fn>m 
thi'  aNiiliul  utiMirlH^l  ill  the  milk  uf  a  drunkt^ii  mother  or  wct-ntirse. 
Tbi'  amttimt  ami  t|ua)ity  of  the  milk  are  unaffected  hy  the  adniinis- 
trntlim  nf  alcxthol  (Kt^serannn).  limner  states  that  alcohol  is  elirni- 
latuJin  M>me  quantity  in  the  bile  and  is  then  reabsorbeil  in  the  intes- 
tiiu'.  This  i;*  innrc  iiiark«l  in  the  case  of  amyl  alcobtil  than  in  that 
iif  I'tlivl  alnihol,  and  the  a|»peantnce  of  alcohol  in  the  bile  is  accom- 
|aiiitil  hy  albumin,  epithcliid,  c^'IIh  and  (.^sts  of  the  tiuer  bile  duets. 

AitJiough  alcohol  MjeiuR  to  inurease  the  urine  to  some  extent,  it  can- 
not be  said  lu  be  a  powerrul  diuretic  in  itself,  and  it  is  quite  unknowu 
iilmr  it  acU  on  the  kidney  directly  or  not.     Some  of  the  spirituous 
|vwre  Mich  as  gin,  pn>d(»ee  a  profuse  secretion  of  urine,  liut  this  is 
Jue  10  iheir  other  constituentrt,  and  not  to  the  alcohol. 

AlrtihnI  is  generally  credited  with  aphrodisiac  powers,  that  is,  with 

iocreasing  sexual   desire,  although   no   less  an  authority  than  8hake- 

t^wanr.  ittati'A  that  it  j>revonti»  the  consummation  of  sexual  interr4)Ui>io. 

T(if  unque-^liouable  teudeucy  towani  sexual  excess  observed  iu  intoxi- 

catioQ  is  due,  ni>t  to  any  eifects  on  the  generative  organs,  but  to  the 

low  t'f  s<'lf-contn)l  from  the  wrebral  at^tiou  of  the  poison. 

Aloohol    (v^ssesses    only   a    M'eak    antiseptic   action,  for    while   the 

rth  of  sonte  Imcleria   is  delayed  somcwliat   in  a  1  :  1000  solution, 

Ijr  grow   abunilantly    in    4   |»er  cent,   aloiliol,   and   some   in   even 

ftohitions.     ItH  <lisinfectant  action  has  l>een  the  subject  of  a 

nf  repiearches   recently  ami   has  been   found  to  vary  with  the 

litioQS.      l>r)'   bacteria    may   be   exposed    to   al)solute   alcohol   for 

twenty-fonr  hours    without  loslnp-  their  vitality,  while  iiO-7(>  |H?r  cent. 

,Alci*hol  is  tiit;d  to  them,  and  also  to  moist  organisms.     The  explaua- 

of  tliijt  curious  observation  seems  to  be  tJiut  alcohol  fails  to  pene- 

fnHTr»l)es   unU^t^  in   the   [vresenee  of  water.      In  Icmk  than  40  per 

oi^tion    is  very  slow,  so  that  the   limits  of  nlenhol  as  a  disiu- 

aiflv   l>e  plart^l   at   50-70   per  cent.  ;    in   this   strength  it  is 

It  to  alMmt  3  j>er  cent.  carl>olic  aeid,  pmvidetl  ihiit  it  does  not 

largf  precipitates  of  proteid.     Many  bodies  which  are  antiseptic 

i»  diM^olvoil   in    water   have  «>mparatively  little  effect   when  di»- 

Ln  aloihol.     {Ct»mpare  p.  48.) 

long  been  n^eogniztsl  clinically  that  |>ersonsa<hlicl4?<l  tothe  use 

)1  show  1^  resistance  iu  acute  disease  aud  iu  o^KTations  accom- 

l«oi«(l  by  »bock  than  more  temperate  individuals,  and  ia  very  intern- 

i^^,  the  progiu>sis  must  be  guanh^l  in  an  attack  which  would 

ly  be  acoom|Kinicd  with  little  danger.     This  has  been  confirmed 

m  ducuIht  of  experiments  on  animals  which  were  Huhjecte<l  t«)  treat- 

witii   alcohol     and     then    inoculated    with    pathogenic   germs 

i).     The  results  have  invariably  shown  a  greater  susceptibility 

tii>n  and  a  greater  mortality  than  iu  (sintrol  animals  which  had 

r«I  mi  alcohol.     A  similar  effect  was  observed  when  toxineswere 

ittstuid  fif  bacteria,  and  great  difficulty  was  encountered  in 
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rendering  animals  immune  to  the  diphtheria  toxin  if  they  had  pre- 
viously been  treated  with  alcohol.  Various  explanations  of  this 
reduced  resistance  have  been  given,  Rubin  ascribing  it  to  paucity  or 
inactivity  of  the  leucocytes,  while  Abbott  and  Bergey  found  a  reduc- 
tion in  the  hemolytic  complement,  which  suggests  that  the  suscepti- 
bility to  infection  may  be  due  to  the  failure  to  form  the  specific  com- 
plement to  the  bacterial  toxin.  It  is  often  stated  that  alcohol  given 
in  the  treatment  of  infectious  diseases  must  have  a  similar  deleterious 
effect  on  the  resistance  of  the  tissues,  but  this  has  not  been  shown  to 
be  the  case,  and  some  observers  (Hare,  Friedberger)  indicate  that  it 
favors  the  defence  of  the  organism. 

Repeated  doses  of  alcohol  produce  tolerance,  which,  although  not  so 
great  as  that  acquired  for  morphine  and  nicotine,  involves  the  pre- 
scription of  double  or  triple  doses,  in  persons  addicted  to  drinking. 
The  close  relationship  between  the  narcotics  of  the  fatty  series  is 
indicated  by  the  fact  that  much  more  chloroform  or  ether  than  usual 
is  required  to  anaesthetize  persons  in  whom  a  tolerance  for  alcohol  has 
been  established. 

Kethyl  aloohol,  or  wood  alcohol,  haa  assumed  great  importance  lately  from 
a  large  number  of  cases  of  poisoning  having  occurred  from  ite  being  Bubstitated 
for  ethyl   alcohol   as  an  intozicant,  or  In  some  patent  remedies.     In  animal 
experiments  it  is  found  that  given  in  single  doses  it  is  slightly  lees  poisoooos 
than  ethyl  alcohol,  the  action  coming  on  somewhat  more  slowly,  but  lasting  a 
longer  time;  the  symptoms  of  gastric  irritation  are  generally  more  marked  than 
those  induced  by  ethyl  alcohol,  and  very  often  some  convubive  movements  are 
observed  (Hunt).    When  the  administration  is  repeated,  methyl  alcohol  is  found 
much   more   poisonous  than  ethyl,  and  this  may  probably  be  ascribed  to  the 
more  prolonged  action  of  the  former.     Pohl   has  pointed  out  that  while  ethyl 
alcohol  undergoes  complete  combustion  in  the  tissues,  methyl  alcohol  is  oxidized 
to  formic   acid  and  possibly  formic  aldehyde,  both  of  which  are  much  more 
poisonous  than  the  original  alcohol.     It  seems  a  &ir  inference  that  the  pro- 
longed action  and  the  consequent  greater  toxicity  of  the  lower  alcohol  maybe 
due  to  these  products. 

In  man  the  symptoms  of  wood  alcohol  poisoning  differ  from  those  of  ordinary 
spirits  in  the  marked  muscular  weakness  and  defective  cardiac  action,  which  sae 
followed  by  nausea,  vomiting,  coma,  or  delirium  of  a  much  more  intense  and 
persistent  character  than  those  seen  in  intoxication  with  ethyl  alcohol.  In  a 
considerable  number  of  cases  death  has  followed  from  a  single  dose  smaller  than 
would  have  been  fatal  had  ethyl  alcohol  been  swallowed,  and  in  some  cases  total 
and  permsinent  blindness  has  followed  or  accompanied  recovery.  This  condi- 
tion is  more  often  the  result  of  repeated  ingestion  of  the  alcohol,  however,  and 
is  due  to  optic  neuritis  and  subsequent  complete  optic  atrophy.  The  large 
number  of  cases  of  blindness  or  fatal  intoxication  collected  by  Buller  and 
Wood  demonstrate  clearly  the  danger  incurred  in  the  use  of  this  poison  inters 
nally  or  even  externally.  Optic  atrophy  has  been  induced  in  animals  repeat- 
edly by  the  administration  of  wood  alcohol,  and  is  certainly  much  less  liable  to 
occur  from  ethyl  alcohol. 

The  other  alcohols  are  mainly  of  interest  as  impurities  of  the  preparations 
of  ethyl  alcohol.  They  all  resemble  it  in  their  general  effects,  but  differ  from 
it  in  toxicity;  propyl  alcohol  is  more  powerful  than  cthvl,  butyl  than  propyl, 
and  amyl  than  any  of  them.  Amyl  alcohol,  or  fusel  oil,  is  present  in  small 
quantity  in  moat  forms  of  spirits,  especially  when  these  are  freshly  distilled  or 
"raw."     It  resembles  ethylic  alcohol  in  general,  but  is  more  irritant  locally. 
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lud  v-  brlioved  by  .M>in<>  tiulhoritk'H  to  liiivc  more  deleterious  cffccU*  in  ehronic 
^iMiismnin^  tlinn  |»urv  ethylie  aleuhol.  Tint*  is  nut  ban^l  on  any  very  satiHtacti'irf 
wi(U-;nf.  however,  and  itll  the  chanictorintir  symptoms  of  ehnmie  aleobolism 
Unvi- Wn  ppxlueed  in  imimaix  by  pure  ethyl  alcnhol.  Fiirftirol  is  also  present 
in  iMLy  forms  of  r<piritH,  hut  iti  Mich  small  quantities  that  it  does  not  play  auy 
rtVIv  in  the  symptoms  induce<l  by  them. 


PUEPA  RATIONS. 

Alfiohol  (ir.  S.  r.)  contains  92f^  of  iilrohol  ((' H  FlO)  by  weipht. 

.{ii'uhiif  Ahmilutum  (U.  8.  P.,  B.  P. ),  alKHilute  ulcoliol.  eontuiuH  not  more  than 
1 :..  ity  weiirlil.  of  water. 

Alcohol  V Hutu m  (T.  S.  P.)  contains  about  41 J^  ,  by  weight,  of  alcohol. 

f^irHtis  H*ctificaiua  (B.  1*.).  reeiitied  spirit,  contains  90  parts  of  pure  alco- 
hol, by  volume,  and  10  parts  of  water  (H5.05;i  ,  by  weight,  of  alcohol). 
Thcrv  ore  four  ulliciul  dilutions  in  the  B.  P.,  eoutaiuiag  70,  60,  45  and  20 
ppftcut.  of  alcohol  by  volume  resjwctively. 

SfiiuTiis  Fki:mknti  \".  S.  P.),  whi.«key,  contains  44—^0^  of  alcohol  by 
veiifht,  and  ts  obtained  hy  dlHtillation  of  an  exlraet  of  ferniented  jj;rain. 

SriRiTt'S  ViNl  <t.\LLlci  (U.  1^.  P.,  B.  P.).  brandy,  contains  :?l>-47>  of  aloo- 
M  by  weight,  and  is  obtained  by  the  di.stillati<jn  of  fermented  jtrupe  juieo. 

.Vw«r(i  A/rt>f7iM  Villi  tiallici  (B.  P.),  a  mixtureof  brandy,  cinnamon  water, 
stfinrmid  yolk  tii' t'i^ii  (about  I"  per  cent,  ulrohol).      Dose,  1-2  11.  oz. 

Niiii-phunmicopieial  spirits,  which  are  used  occofiionally  in  medicine}  are 
gin  auti  rum. 

The^e  Spirita  all  contain,  roughly  Hpeaking,  almut  one  half  na  much  aleo- 
bo'a.«the  three  eoncentrated  alcohoU  of  the  U.  S.  P.  or  thi'i  rectilied  spirits 
oflbe  B.  P.  They  contain,  in  uddlliim  to  the  ethyl  alcohol  proper,  numbers 
of  olher  volatile  eubstances,  some  of  which  are  alcohols  of  the  same  series 
*6  ordinary-  alcohols  (butylic,  aniylic,  etc.),  while  ollicnj  are  of  entirely 
unkiiouTi  constitution — ihe  lenanthic  ethers.  Brandy  and  whiskey  act  very 
niui'ii  in  the  same  way  lus  pure  alcohol,  but  are  more  powerful  than  would 
W f xpit-ted  from  the  percentage  of  alcohol  alone.  When  freshly  distilled 
tin-yon'  much  more  irriUint  thuu  whi-u  kept  for  some  years.  Numerous 
olbcr  pn'pa rations  containing  large  (luantilies  of  alcohol,  such  as  the  spirits 
ftf  thf  volatile  oils,  might  also  \xi  includc'd  in  this  group,  but  they  are  not 

1,  ai;  a  geuend  ni\e,  for  the  same  purpcscs  as  the  aIcoholi<^  preparations 
IT.  and  their  effects  are  in  part  due  to  the  volatile  oils  contaiued. 
Smic  of  them  have,  however,  been  emjOoyed  as  intoxicauts  instead  of 
bnmdy  or  whiskey,  and  Eau  de  Coloijne  and  other  essences  have  piined  a 
ccnaiD  notoriety  as  a  menus  of  secret  driiikinp;  among  women.  The  liojueurs 
MPtoo  numerous  to  mention,  and  their  coinpo^itiou  is  extremely  diverse. 

finy  of  them  contain  considerable  quantities  of  sugar,  an*!  the  combination 
ftleohol  and  sugar  woubl  seem  i>eculiarly  deleterious  to  the  gastric  mucous 
■nrmbmne.  Olhei-s,  such  as  cheny  water  (Kiischwasjier),  contaiu  hy<lrocy- 
Jnit-acid.  and  the  others  various  l>odies  of  the  volatile  oil  series.  None  of 
(hem  seem  to  have  any  propcrlios  which  would  recommend  their  use  in 
Iliempcutics. 

The  Wines  and  Beers  are  murh  weaker  picpurations  of  alcohol.     The 

V.  S.  P.   recumii/j-'s  two  forms  of  wine,  N'rNl'M   Alihtm  (while  wine)  and 

V'iNVM  RruRi'M  (red  wine,  claret).     These  both   Lontain   7-12^   of  alcohol 

Wfight,  along  with   1.5-35?)  *^f  solid  matter  iu  the  while  wiue  and   1.6- 

in  the  red.     The  ViNi.M  Xkbicit.m  (sherry)  of  the  B.  P.  contains  not 

Wff  of  alcoliol  by  volume,  while  the  ViNi?M  xVrRANTii  (B.  P.),  or 

ilie,  <xmtains  lO-IS;^   by  voluute.      In  addition,  the  wines  contain 

volatile  eonslitucnts  as   brandy,  aliliough  in  smaller  amounts. 

wines   are.   presf:ril>ed   in   medicine,  some  of  which,  such   us   port 
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(lOlbeotlM^r  haiul,  if  ho  Iwi-s  a  clist«t(t4?  for  wine,  it  will  prove  Imrnifni. 
Tbtn- is  no  question  that  tlie  functions  of  the  stomach  are  increasecl  by 
pleiiing,  and  rrtarth^d  by  unpU'a8ant  tastes  and  odors.  In  these  cases 
"dry"  wincii  are  lo  be  preferred,  ay  the  BUjijar  of  the  sweet  wines  may 
irritate  the  stomach  ;  champagne  may  i>e  nse^I,  and  the  wine  ought  to 
hegiw-n  immediately  l>efore  or  during  a  meal. 

Queif  of  hrniorrhage,  shock,  and  other  forms  of  severe  and  sudden 
depiTSNOU  of  the  iieart  and  central  nervous  syst<'m  are  very  frequently 
XtmU'i\  hy  the  administration  of  strung  aleoliolie  preparations,  such  as 
brandy  and  whiskey,  this  treatment  l>eing  based  u|>on  the  belief  that 
at»>iu)l  lA  a  cardiac  and  n>spiratory  Htimulant,  the  grounds  for  which 
bvc  already  been  t-xamiued.  It  is  extremely  difficult  to  estimate  the 
value  of  a  remedy  in  these  conditions,  and  it  is  ]>ossible  tliat  the  irri- 
flction  of  alcohol  in  the  stomach  may  increase  the  activity  of  the 
linry  centres  refiexiv,  or  that  hy  its  narcotic  action  it  may  lessen 
tlk^  anxiety  and  pain  of  the  |»ati(nit.  On  the  other  hand,  in  cases  of 
inhibitory  slowing  of  the  hrart  it  may  aid  by  lessening  the  activity  of 
lilt!  i-iigijs  centre  in  the  meihdla.  But  the  InMieiicial  effects  of  alcohol 
io  these  Gises  has  been  much  questione<l  in  recent  years  and  the  belief 
it  \*  of  little  value  is  certainly  more  widely  held  at  present  than 
V  pn'viuis  time ;  in  experimental  fthcn-k  in  animal^,  Crilc  found 
'  -TUtnilly  int'n"a.*^tHl  the  danger  when  given  in  average  doses, 

ukI  iIKt  do>es  had  no  l»eneficial  etiect.s,  but  it  is  <|uite  possible 

t^  in  man  different  results  may  be  obtaine<l  from  alcohol  acting  as  a 
Birmtii*  and  removing  uer\ous  symptttms  which  would  not  arise  in  the 
I'fH'tT  unimals. 

Io  Audden  chill  with  a  tendency  to  fever,  alcohol  is  (tft*  ii  of  great 
beotfit,  wtpwinlly  when  taken  in  the  form  of  bramly  or  whiskey 
(lilotod  with  hot  water.  Jta  efficacy  here  would  seem  due  to  the  relief 
of  til*  eongi*stion  of  the  internal  organs  by  the  return  of  the  blood  to 
tkln. 

nuuiy  <7is**s  of  acute  inffammatory  disease,  the  prcs<'ription  of  alco- 
■  tftmB  to  be  attended  with  benefit,  while  in  otheiN  it  seems  rather  U> 
the  severity  of  the  symptoms.  Xo  special  indications  can  be 
pten  for  alcohol  in  these  cases,  and  tlic  physician  nmst  be  guided 
it*  rffVrU.  An  old  rule  adviscii  that  if  the  pulse  Incomes  slower, 
ire  falls,  the  respiration  is  deeper,  the  nervous  symptoms 
.-'.'jd  and  the  skin  becomes  moister  after  the  administration 
ftlcobol,  the  treatment  ought  to  be  continued  ;  but  this  is  merely 
ivalcDt  to  ndviMug  the  continued  administration  of  alcohol  when  it 
nd  to  improve  the  symptoms.  Tlie  effect  of  alcohol  in  these 
k  often  said  to  be  a  stimulant  one  on  the  heart  and  central  nerv- 
Ijsliem,  but  it  would  rather  seem  to  allay  the  irritability  of  the 
et-otrc«,  and  thus  reduce  the  delirium  and  slt>w  the  heart  and 
K^(niUf>D  by  lessening  the  muscuhir  movement.  Mtfreover,  the  tissue 
t  inucb  increased  in  fever,  ami  at  the  same  time  the  food  absorp- 
iesut  tlian  Dormally,  so  that  many  of  the  symptoms  may  lie  due  to 
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starvation  of  the  tissues.  The  food-value  of  alcohol  is  unchanged  by  tb* 
presence  of  fever  (Ott) ;  it  demands  less  energy  from  the  digestive  orgac»  * 
than  fats  and  starchy  foods,  and  has  a  higher  value  as  a  product' 
of  energy  than  sugar.     It  cannot  supply  the  place  of  the  nitrogenoo-^ 
foods,  but  given  along  with  them,  may  lead  to  a  greater  economy  o^C 
the  tissues.     It  is  to  be  remarked  that  according  to  Neumann  alcoho  J 
fails  to  have  this  eifect,  at  any  rate  in  normal  individuals,  until  it  ha^3 
been  given  for  several  days,  so  that  if  it  is  to  be  used  as  a  food,  il^ 
ought  to  be  given  early  in  the  disease.     Strong  wines  or  diluted  spirits 
are  generally  employed  here  and  ought  to  be  given  in  small  quantities- 
frequently.     Alcohol  was  formerly  advocated  especially  in  septic  con- 
ditions, and  here  it  may  be  of  value  on  the  same  grounds  as  in  acute 
fevers,  although  it  does  not  seem  to  have  any  specific  action  in  septic 
disease,  as  was  once  believed.     A  protest  has  recently  been  raised 
against  the  use  of  alcohol  in  these  cases,  on  the  ground  that  animals 
subjected  to  alcohol  succumb  more  readily  to  infection  than  controls 
which  have  received  no  treatment,  and  this  has  been  shown  to  be  true 
even  when  the  dose  of  alcohol  was  proportionate  to  that  oflen  advised 
in  the  treatment  of  these  cases  in  man  (Laitinen).     This  is  undoubtedly 
an  objection  of  great  weight,  but  it  must  not  be  forgotten  that  though 
alcohol  may  be  deleterious  in  this  way,  this  may  be  more  than  com- 
pensated for  by  its  value  as  a  food,  and  by  its  narcotic  effects  allaying 
the  nervous  irritability  and  promoting  sleep;  this  narcotic  action  may 
very  well  be  conceived  to  be  of  benefit  to  man,  while  actually  preju- 
dicial to  animals. 

In  some  chronic  forms  of  nervous  disease  alcohol  may  also  be  of 
valile,  although  its  administration  must  always  be  guarded,  owing  to 
the  tendency  to  the  formation  of  the  alcohol  habit.  Thus,  in  some 
forms  of  melancholia  and  of  neuralgia  it  gives  relief,  partly  probably 
through  its  depressant  action  on  the  brain  and  partly  from  its  local 
action  on  the  digestion.  Some  authorities  recommend  the  use  of  alco- 
hol in  small  quantities  in  cases  of  distress  of  mind  from  any  cause, 
such  as  grief,  business  anxiety  or  depression,  and  undoubtedly  alcohol 
improves  these  conditions  by  its  narcotic  action  on  the  brain.  But 
the  danger  of  the  alcohol  habit  is  so  great,  that  many  physicians  refuse 
to  take  the  responsibility  of  prescribing  the  drug  in  these  cases. 

In  chronic  conditions  of  cachexia  and  loss  of  flesh  in  general,  and 
during  convalescence,  alcoholic  preparations  are  often  advised  simply 
as  foods,  and  in  these  cases  the  ales,  beers  and  porters  are  generally  to 
be  preferred  to  the  others,  provided  always  that  the  stomach  is  not 
irritiited  by  them,  as  they  contain  other  food-stuffs  of  value  in  addition 
to  the  alcohol. 

In  poisonous  snake  bite,  alcohol  is  generally  administered  in  enor- 
mous quantities,  either  as  whiskey  or  brandy,  but  it  seems  open  to 
question  whether  it  is  really  of  value  in  these  cases,  and  its  action  on 
the  normal  tissues  certainly  gives  no  indication  for  its  use  here. 

Alcohol  is  of  value  as  a  mild  hypnotic,  a  comparatively  small  quan- 
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tity  Iflken  before  retiring  being  often  snfficieDt  to  eeciin?  quiet  and 
ivfR-slitug  sleep.     Beer  or  spirits  and  water  is  generally  used  for  this 

piir|)(>st». 

Unindy  has  a  certain  reputation  iu  the  treatment  of  the  milder 
forms  of  diarrhrea,  while  the  other  spirits  liave  noeffeet  in  ihi.s  csuidi- 
tion.    The  means  by  wliirh  this  efleet  is  aecctmplislifd  are  unkmnvn. 

In  llie  presenption  of  alcohol,  the  urdinary  spirits,  iiraiidy  or  whis- 
kfv,  arc  very  much  more  frequently  advised  than  the  purer  prepnra- 
ima,  ws  the  hitter  are  more  apt  to  pall  uim)u  the  taste  of  the  patient. 
Rrth  of  these  spirits  ought  to  be  diluted  with  at  least  an  equal  qnnti- 
lity of  water.  The  wines  are  more  used  in  chronic  ci)nditions,  although 
dilut^il  spirits  may  be  advised  here  also.  iJeers  are  employed  only  iu 
(i(.'i)ility  unaecomj^anied  by  gastric  symptoms. 

Aleohol  can  be  given  to  children  in  relatively  larger  quantities  than 
ti» adults, and  again  in  old  age  no  such  reduction  in  ihedose  is  required 
M  m  the  ejwe  of  many  other  drugs.  Wliei-e  a  tolenuw**  for  alcohol  has 
been  e$<t^d)lisiu>d,  the  dose  has  often  ttt  \>v  nittre  tlian  drmhliii  in  order 
bihave  any  effect,  and  in  acute  fehrile  conditions  very  lurge  quantities 
of  aleohol  are  often  given  M'ithout  intoxication,  th^mgli  it  seems  ques- 
liuuable  whether  an  eipially  t)eneHcial  re^dt  could  not  be  attaintnl  with 
moch  smaller  doses.  In  gastric  irritation,  nioNt  preparations  of  alco- 
bol  nre  cimtraindicaied,  but  chanip-igne  is  often  of  henetit  in  cheeking 
vcwniiing,  e^^jiecially  that  of  pregnancy  and  of  seat-iekness,  this  eflVct 
bdugdue  to  the  carbonic  acid,  not  to  the  alcohol.  In  nephritis  and 
other  inflammatory  conditions  of  the  genito-nrinary  tract,  alcohol  is 
{[WJcrally  avoided  on  account  of  ita  suppo^^ed  effects  on  the  epithe- 
lium. 

In  regard  to  tlie  habitual  use  of  alcolitJ  by  healthy  jyei'sons  all 
urtborities  agree  tliat  it  is  a  luxury^  that  it  is  entirely  unnecessary  for 
*lie  growth  ami  maintenance  of  the  body,  but  that  taken  in  moderate 
'I'lautities  it  is  liarmless,  except  from  the  danger  that  diis  may  lead  to 
Jw  Iiahit  Ix'ing  formed.  The  habitunl  indulKenee  in  aleoliol  to  excess 
y  more  easily  intelligible  than  some  other  chronic  inloxiealions,  for, 
*tQlike  nicotine,  alcohol  is  taken  not  only  for  its  load  effects  on  the 
ofgans  of  taste  and  on  the  mucous  membranes  of  the  mouth  and 
Momach,  biit  also  for  its  aelion  on  the  l^raiti  in  iiniiibiitg  the  con- 
woopnesBof  unhap|>iness,  and  this  weakening  of  the  higher  sensibilities 
1*7  drink  is  genendly  the  object  sought  l)y  tlic^  drnakard.  He  finds 
*Mt  nnder  ahxihol  his  habitual  depression  disappears,  and  he  loses  the 
*ise  of  degradation  and  renioi*se  which  possesses  him  when  sober, 
Tn*  di'pression  returns  in  exaggerated  ff»rm  after  the  effects  of  the 
dnip  have  passe<l  off,  but  it  can  be  n  moveil  again  by  the  snme  means, 
•"d  in  this  way  the  habit  is  formed,  each  successive  dose  being 
fenderixi  necessary  by  the  depression  prothiced  by  its  predecessor. 
Tliis  descent  into  chronic  drunlcennesM  is  facilitaleil  by  ibe  lessening 
of  tlto  self-control  owing  to  tlie  action  of  alcohol  ttii  tbe  brain.  The 
^t^liiu  may  form  the  best  of  resolntions,  but  his  impaired  will  power 
4od  self-control  are  unable  to  carry  them  out. 
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The  Hymptoms  of  Chronic  Alcoholism  are  unfortunately  commoD,  but 
maybe  treated  better  in  detail  in  connection  with  various  forms  of  dis- 
ease, with  which  they  are  associated  more  closely  than  with  the  eifects 
produced  by  the  medicinal  use  of  the  drug.  The  earliest  symptoms 
are  generally  observed  in  the  stomach,  throat  and  larynx,  and  consist 
of  a  chronic  catarrh,  which  is  often  accompanied  by  skin  affections, 
such  as  injection  of  the  cutaneous  vessels  (especially  of  those  of  the 
face),  acne  or  pustular  eruptions.  The  irritation  spreads  from  the 
stomach  to  the  liver  and  kidney,  and  produces  fatty  degeneration  and 
necrosis  of  the  cells,  followed  by  increased  growth  of  the  interstitial 
connective  tissue,  and  cirrhosis  of  these  organs.  The  fatty  degenera- 
tion is  also  found  in  the  arterial  walls  throughout  the  body,  and  causes 
atheroma  and  arterio-sclerosis,  which  may  lead  to  small  aneurysmal 
dilatations,  ecchymoses,  or  apoplexy.  The  heart  undergoes  more  or 
less  fatty  change,  which  is  accompanied  by  dilatation  and  weakness. 
In  the  central  nervous  system,  the  nutrition  is  imperfect  owing  to  the 
vascular  changes,  but  in  addition  to  this,  alcohol  has  a  special  action 
on  the  neurons,  which  is  betrayed  by  the  disappearance  of  the  chro- 
matin granules,  and  eventually  by  shrinkage  of  the  whole  cell.  The 
dendrites  show  moniliform  enlargements  along  their  course,  and  in  the 
later  stages  the  finer  dendrites  disappear  entirely.  These  alterations 
in  the  central  nervous  system  lead  to  impairment  of  memory,  self- 
control  and  the  other  higher  mental  processes.  Tremor,  convulsive 
attacks,  hallucinations  and  mania  are  eventually  followed  by  idiocy 
and  paralysis  in  the  worst  forms  of  the  disease.  The  peripheral  nerves 
seem  to  be  acted  on  directly  as  well  as  through  the  changes  in  the 
centres,  for  neuritis  has  been  frequently  observed,  ending  in  local 
paralysis.  A  form  of  amblyopia  commencing  by  atrophy  of  the  retinal 
ganglion  cells  and  later  extending  to  the  fibres  of  the  optic  nerve 
has  recently  received  some  attention ;  it  is  much  more  readily  elicited 
by  methyl  than  by  ethyl  alcohol.  A  characteristic  result  of  chronic 
alcoholism  is  delirium  tremensj  an  acute  attack  of  insanity,  which  is 
liable  to  occur  after  any  shock,  such  as  hemorrhage  or  acute  disease, 
but  which  is  said  to  be  also  produced  by  the  sudden  withdrawal  of 
alcohol,  and  sometimes  occurs  without  any  apparent  immediate  cause. 
It  is  characterized  by  tremor,  perspiration,  sleeplessness,  fear,  ex- 
citement and  hallucinations  of  the  various  senses,  which  differ  from 
many  other  hallucinations  of  insanity  in  consisting  of  the  multiple 
appearance  of  the  same  object.  These  objects  arc  often  animals, 
such  as  snakes,  rats,  dogs,  but  the  hallucinations  are  not  confined  to 
those  of  sight,  for  whispering  voices  are  complained  of  not  infre- 
quently. 

The  more  severe  forms  of  chronic  alcoholism  are  confined  almost 
entirely  to  the  drinkers  of  undiluted  spirits.  Beers  and  wines  seldom 
have  any  distinct  action  on  the  brain  in  themselves,  unless  spirits  are 
also  indulged  in.  The  abuse  of  the  weaker  preparations  of  alcohol  ia 
always  liable  to  lead  to  that  of  the  stronger,  however,  as  tolerance  is 
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!«$ta^1islio(|  ami  tlit*  f<>rmcr  lose  their  effect.  The  comhiuation  of  spirits 
aiwl  malt  Hquon*  is  naid  to  he  more  liable  to  produce  delirium  tremens 
lljan  the  abuse  of  cillier  alone. 

Thf  di8a!>trons  effects  of  the  al)UfM?  of  alcohol  are  seen  in  the  statistics 
of  iho  hoi^pitaln,  prisonH,  and  asybnns,  and  unfortunately  these  show 
ai»  iucrcase  in  the  numl>cr  of  victims  almost  every  year  and  in  nearly 
all  coiuitrieft,  but  more  especially  in  those  in  which  the  population  is 
addiclwl  to  spirits.  In  Prnssiu,  in  1H8G-1888,  11  per  cent,  of  the 
ca*et  admitted  to  the  insane  asylums  were  diagnosecl  as  directly  due  to 
aicoliolic  excess,  while  in  one  of  the  Berlin  aHvlnnis  the  enormous  per- 
wntiigt'  of  47.4  of  the  admissions  weiv  found  to  l»e  addicted  to  alcohol. 
In  France,  iu  1888,  one  eighth  of  the  cases  of  suicide  were  due  to 
iilc«biilic  excess.  In  Paris,  72  per  cent,  of  tlie  convicted  criminals  in 
oDtf  year  were  found  to  be  clironic  alcoholists,  while  the  projiortion  in 
Berno  Canton  was  about  40  jier  cent.  These  numbers  are  officially 
wrtifiod  to  l>e  correct,  but  give  oidy  an  imi>erfect  idea  of  the  deplor- 
siilf  results  of  alcoholic  abuse,  as  only  the  more  extreme  cases  conic 
under  the  rategories  of  criminals  or  lunatics,  and  the  enormous  num- 
twr  of  cases  of  disease  directly  caused  or  aggravated  by  the  lesions 
•lue  to  nlcohol  escapes  recognition.  At  the  same  time,  it  is  beginning 
to  lie  appreciated  that  chronic  alcoholinm  itself  is  probably  due  to  a 
"iptitai  defect,  so  that  in  a  certain  numljer  of  these  cases  of  insanity 
iDtl  rrime,  the  over-indulgence  in  alcohol  must  probably  be  considered 
^wmptora  and  not  a  cause.  Attempts  have  been  made  of  late  years 
*o  dvmonstrate  that  the  effects  of  alcohol  are  hert^ditary,  that  the  cliil- 
J^D  ftf  alcoholists  supply  a  larger  proportion  of  cases  of  insanity  and 
cni»e  than  those  of  the  rest  of  the  jwpnlation.  The  belief  is  widely 
fntertainefl  among  biologists,  however,  that  acquired  characters  such 
•*  ak-oliolism  are  not  inherited  directly,  but  can  only  affwit  the  nutri- 
*'OQof  the  offspring.  It  would  seem  more  probable,  tlien,  that  the 
"oohnlic  excesses  of  the  parent  have  no  direct  effoot  on  the  offspring, 
fxcrpt  ill  Uu'ir  nutrition  at  blrtli,  but  that  the  mrntnl  defect  which 
wds  to  alcoholic  excess  in  the  one  genenition  is  inherited  and 
Wids  to  crime  or  insanity  in  the  next.  The  deleterious  effect  of  the 
*N|oIic  habit  in  tlie  parent  on  the  nutrition  of  tlic  offspring  is  a  well- 
**il'Iishcd  fact.  It  has  been  shown  experimentally  by  Ilodge,  who 
states  that  only  a  small  percentage  of  the  p!i[*pies  bitrn  of  parents 
^'fitpd  with  alcoliol  survive,  and  further  that  they  are  [>cculiarly  liable 
*«  infi-ctious  disease,  such  as  distem|>er. 
ilte  trtvitmeiit  of  arnte  alcoholic  intoxiratiun  is  to  evacuate  the  stoni- 
hv  means  of  the  soft  elastic  tube.  The  patient  4)Uf;ht  to  Ijc  ]»nt  in 
"*"!  and  kept  warm,  as  there  is  a  tendency  to  a  marked  fall  in  the 
^y  tpn»|ieratnre.  In  case  of  great  congestion  of  the  bniin,  cold  may 
wippiied  in  the  form  of  ice-bags  to  the  head,  and  some  authoriti<*s 
)iuinend  Ideeding.  In  ciises  of  extremely  deep  unconscioUMiiess, 
mus  stimulants,  such  as  caffeine  or  strychnine,  may  Ik'  had  I'ecourse 
W,  and,  as  a  last  resort,  artinci:d  respimtion. 
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Chronic  alcoholism  is  to  be  treated  by  the  withdrawal  of  the  poison, 
and  this  is  best  done  gradually,  as  the  immediate  stoppage  may  leail  to' 
delirium  tremens.     It  is  often  necessary  to  incarcerate  the  patient  in 
some  retreat.     A  large  number  of  drugs  have  been  advocated  in  these 
cases,  some  of  them  such  as  opium  acting  as  substitutes  for  alcohol, 
others  (capsicum)  replacing  the  local  action  on  the  stomach.     The  use 
of  opium  and  other  narcotics  may  however  lead  to  a  craving  for  these 
which   is  quite  as  serious  as  the  original  condition.     Another  method 
of  treatment,  which  appears  to  be  successful  in  some  cases,  is  the  ad- 
dition of  nauseating  drugs  such  as  ipecacuanha  or  apomorphine  to  tb^ 
alcohol  which  is  supplied  to  the  patient.     The  association  of  naus^^a 
with  liquor  eventually  becomes  so  strong  that  alcohol  in  any  forr» 
becomes  distasteful.     The  organic  lesions  must  be  treated    indivicJ- 
ually. 

The  treatment  of  ddinum  tremens  generally  consists  in  the  use  of 
chloral  or  opium  to  lessen  the  excitement.  It  is  often  necessary,  or  a-t 
any  rate  advisable,  in  these  cases  to  allow  small  quantities  of  alcohol^ 
as  the  sudden  withdrawal  may  aggravate  the  condition. 
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2.    General  Anaesthetics  —  Ether  and  Chloroform. 

The  term  general  anresthetics  is  employed  to  indicate  substances  used 
to  jmxiuce  un(Mjn.s<uousnejis  suffici(;ntly  cimipli'te  to  n\Ut\v  of  surgical 
operations  being  perfonned.  In  the  history  of  nicdii'ine  there  are 
repeatedly  obseure  allusions  to  substances  used  for  this  purpose,  but  it 
wasuot  until  the  end  of  the  first  half  of  the  nineleentli  ri'ntury  that  the 
era  of  surgical  amesthesia  really  opened.  In  179S,  Davy  advised  the 
useof  nitrctus  oxide  as  an  aniesthetic,  but  no  practical  use  was  mjide  of 
liw suggestion,  and  AVells  may  be  said  to  have  redlscover^'d  ibis  property 
i>f  the  gas  in  1844,  though  his  efforts  to  introduce  it  into  general  use 
WM  with  no  greater  success  than  Davy's.  I^ong  used  I'ther  in  1.S42- 
I84ii  in  surgical  operations,  but  did  not  give  uuy  publicity  to  his  dis- 
<'OTery,  and  the  honor  of  demonstrating  publictv  the  practical  use  of 
^t'm  surgery  must  be  awarded  to  Jacksoti  and  Morton  in  184l>.  In 
^847,  Simpson  introduced  chloroform  to  the  medical  profession  as  a 
wbrtit*ite  for  ether,  over  which  he  supposed  it  to  |>ossess  several  ad- 
^tagep.  Its  phannu(Til(>gicjil  arti<ni  IkmI  bpfti  invest igtited  some 
Ji^onths  earlier  by  Flourens,  but  Simpson  appears  t«t  have  made  his 
'Qve?,tigation8  quite  independently.  Chloroform  -wun  ousted  ether  in 
pGpnlar  favor  in  Europe^  and  although  in  America  ti  eon.^iderable 
Jiuiuber  of  stjrge«>ns  continued  ti*  use  it,  ether  had  practically  falleu 
"*te  complete  disuse  throughout  Europe,  save  in  Lyons,  until  n  few 
f^Usago.  The  continually  increasing  number  of  accidents  in  cbloro- 
"*"a  anaesthesia  has,  however,  cau.sod  a  reacttoti  to  set  in  in  ("avor  of 
^lier,  and  it  Beem.s  probable  that  it  will  once  more  lrt>  ninstatcd  as  the 
Jjval,  and  perhaps  as  the  superior,  of  chlorofurm  throughout  the  world, 
^^eo  in  18*^0,  however,  Kappeler  c^mld  write  that  iu  Ciermany  chlo- 
•^'ortn  was  used  exclusively. 

Many  attempts  have  been  made  to  introduce  other  substances  of  the 
'^liane  series  .as  substitutes  for  the  two  generally  retM)gni/.c<l  anies- 
Jwtics^  but  as  yet  no  other  lias  attained  popular  favor.  Soon  after  the 
'"tnidnction  of  ether  and  chloroforui,  nitrous  oxide  gained  a  perma- 
^Ptit  footing  as  an  aniesthetic  for  .^ihort  opcnititnis. 

These  aniesthetic-s  are  invariably  given  by  inlmlation  an<I  uot  by  the 
^ouach,  an   it  is  found   tliat   the  exact  depth  of  the  uarcosis  can  be 
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Chronic  ah^hollsni  in  to  be  treated  by 
and  this  is  best  done  gradually,  as  the  i' 
doliriiiiu  tremens.     It  is  often  necessn 
some  retreat.     A  hirge  number  of  dm- 
cases,  some  of  them  such  as  opium 
others  (eapsitium)  replacing  the  local 
of  opium  and  other  narcotics  may  hi 
which   is  quite  as  serious  as  the  ori 
of  treatn»ent,  which  appears  to  be  ■ 
dition  of  nauseating  drugs  such  as 
alcohol  whit^h  is  supplied  to  the 
with  li(pior  eventually  l>ecoraes  ^ 
becomes  distasteful.     The  orgjiu" 
ually. 

The  treatment  of  delirium  trr. 
chlonil  or  opium  to  lessen  the  *- 
any  rate  advisable,  in  these  ca- 
as  the  sudden  withdrawal  mav 


i<nvr 


\i\-j:  of 
^f  warnri 


aii'i  < 

B'  .    'I'lic  senses 

.    'i^rii  a  veil  of  n» 
.■..;lii>t'd  up(>earing  t- 
-arinir  in  the  ears,  an 
.,  rli>'  limits  herald  the  a^ 
;.{;.iii  of  the  first  feeling     -^ 
;^iiii.     Paring  this  s 


An  lulniirahle  criticiil  survey  i 
Physiol«K'(">l  As^w'ts  uf  the  Liiiii- 

(i,  HtMf'nfiH.  Der  KinttuiM  <l> 
(very  coiiiplt'te  tiibliiMfraphy). 

I'iinz,  Juhtfh.     Vernandl'  det  \ 

Jiunyc     Die  AlkoholfraKe,  I- 

Jnt^/tu'L     Dip  St4!lIuTig(niuhnii  . 

PoM.     An-h.  f.  exp.  PatL  ii.    -' 

Hcrhhy.     Brain,  xviii.,  p.  -1     ;'_in^Hl,  the   pulse    IS   SOm 

nmniii  Sranzani  Fariuiieh-   -    j^inlerud  irregular  by  th 

(Tuttctuien  anti  jlmtM.     A»;  .1      ,^       -p  i      i_. 

Knu-fH-iht.    (Teber  die  Ik-cmf  quickened.     Jljven  at  this 
Arzneimittol,  Jena.  ISO'i.     A 

^r-  l^:;.tIX':f  *-i'^»*°t  varies  extremely 

Barr.     Arch.  f.  [Anat.  .^«s  <^**^*"'y  '"^  children,  it  i-£# 
Lupmivin,    Arch.  f.  ^.^  ^av  be  indicated  merely 
iwiufilrn.     Ibid.,  xxviif''*^        jV  :--t™,,io-.:*:,^  ,•     .v 
Ji<uisikn,t*ki,    Pflfigeri*JK  V*  bv  irregularities  in  the  r 
Spiro.    Munch,  med.      ^'jiMHTthfiTifi  it  is  much  more  n 
A«/«-*j.r.    Arch.f.1^^*  ^  amis,  designed  either  <r 

Zuntzaiui  .Vaipi.M-7^a(<*Wr™  patient  to  nse ;  soc>  * 
Dehio.  CentrelU.-'  f  ^  ^ifVffaaeai  ;  he  stru^les,  shoL>  1 
nS..  ^A^'iKfiB-t-  TJe  movemonts  are  not  pre 
HViW«/./(/.  Pfln  ,^5i^^  toe  n»smt  of  somedream-Ii 
WfHftHttadt.    Ilii'^"  '^  _t  ^^1^  dmims  are  often  ooniieeted 

g&,.i^"^.r'!2-**»<»f  ••'^'  l^tient  Ix^foro  the  in 
S'hffftr.    Arch 
IlrHMen.    Skan*' 

%t!^^n,  ^TP*^^^[&W«*"* *urit>undinir^.whi!e  yet  anotl 
JSVumann.    A4*>j^g^MJi*(f  drtith  and  laments  his  unforti/ 
Ow"'Areh'^^rpS^^"*'"***>*  M"*^'*^^'"^*^'*  the  skin  is 


■  *^  Jmnfi'*^^  larjrely  by  his  natural  111  ^ 
'*fLft^i*l«'*^  *"**^  hymns  ;  another  abns^^ 


Je^^tllC:>ia,  but  may  be  iiuQu^ed  and  cyanotic  aftor  ether.  Tl 
on  is  slow  and  sliallow,  but  regular.  This  stage  of  anmsthesin 
kept  up  for  hours  without  much  change  by  the  rej>eattHl  inlia- 
'  smaJl  quantities,  although  the  pulse  tends  to  bocorao  weaker 
respiration  shallower  unless  the  greatest  care  be  exercised,  and 
y  tvinjwrature  iuvari:i!)ly  siukn.  When  the  administration 
ue  patient  passes  again  through  the  excitement  stage,  which, 
,  is  not  generally  as  violent,  although  it  may  be  more  pro- 
ond  then  often  sinks  into  sleep,  which  lasts  several  hours. 
oc|uently,  however,  instead  of  sleep,  nausea,  giddiness  and  vom- 
itinue  for  some  time  after  the  re(H)very  of  consciousness. 
rgical  aniesthesia,  the  third  stage  is  often  interrupted  by  sbort 
I  of  semi-con-scionsness  and  slight  excitement  if  the  ndniinis- 
E>f  the  drug  be  occasionally  interrupted,  as  is  sometimes  ad- 
[D  prolonged  operations. 

ise  of  these  drugs  is  so  widespread,  and  the  indications  of 
n  anaesthesia  are  so  important  that  a  more  detailed  account  of 
"ations  obeerved  during  their  use  in  the  human  subject  may 
ted  here. 

mW  is  often  somewhat  accelerate*!  before  anpcsthesia,  owing  to 
cty  and  nervousness  of  the  imtient,  and  in  the  first,  and  still 
»  Bewmd  stage,  a  further  acceleration  may  occur  from  the  Bamc 
though  in  other  instances  marked  slowing  of  the  pulse  may 
■re  from  reflex  stimulation.     When  the  stage  of  anicsthc^iii  is 

the  pulse  l>ecomes  slower  and  weaker  than  Dornially,  ami  this 
ncreases  with  the  depth  of  the  aniesthesia  prixhieed.  It  re- 
lerfectly  regular,  however,  in  ordinary  caH?s,  and,  in  fact,  un- 

amesthcsia  has  reached  an  extremely  dangerous  stage.  In 
(longed,  deep  anaesthesia  the  weakne.«s  of  the  pulse  may  give 
Uety,  especially  if  the  tcm[K.*nitnre  of  the  Invdy  is  very  low. 
H»irrr^iou  is  generally  fairly  regular  until  the  second  stage, 
Hlie  breath  may  be  held  for  some  time  owing  t(»  tlie  choking 
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vith  concentrated  vapor.     During  the  third 
comes  regular  but  shallower  and  slower  tl 
was  applied,  and  if  the  operation  be  prolon 
e  respiration  may  give  rise  to  alarm.     Large 
mucus  may  hinder  the  respiration  and  require 
)ccurrenoe  is  the  production  of  snoring  from  th 
jue,  and  this  may  also  require  attention, 
lavior  of  the  pupil  is  of  some  importance  ii 
i  first  and  second  stages  it  is  generally  some 
t  as  complete  unconsciousness  is  attained,  it 
lian  it  is  normally.     As  the  patient  recovers,  ^m~ 
urs,  and  if  the  respiration  and  circulation  be 
dilatation  also  occurs  in  most  cases.     Dilatation 
^e  of  ansesthesia,  therefore,  indicates  danger, 
id  by  symptoms  of  returning  consciousness,  &CM^ 
.  and  vomiting. 

e  aymptoms  which  occur  in  some  cases  are  sq  «- 
;3  rhythmic  movements  of  the  eyeball.     In  the  l:^ 
s  the  pupil  is  generally  directed  upward  and  is 
id  as  in  ordinary  sleep,  but  later  it  returns  to 
iuriouH  rolling  movements,  which  are  quite  ind«, 
3S,  often  make  their  appearance  (Kappeler,  Hogy 
et'secretion  of  saliva  and  of  bronchial  mucus  is 
ether  than  in  chloroform  ansesthesia.      Vomitingr 
during  ansesthesia  that  it  may  be  looked  upon  ra 
ndant  phenomena  than  as  an  accident.     It  may  set? 
ny  time,  but  is  more  often  seen  in  the  late  than  "^ 

more  frequently  when  the  anaesthetic  is  applied  sO^ 
1  when  the  stomach  is  empty. 
—The  action  of  ether  and  chloroform  on  the  Central 
ividently  similar  to  that  of  alcohol,  although  the  phen^       ^ 
elicited  in  the  use  of  the  former  are  very  rarely  produ^^^^^^ 

In  all  three  intoxications,  however,  there  may  be  o 
)f  lessened  consciousness,  of  excitement,  and  of  total 

Alcohol  was  formerly  administered  in  very  large  quam 
surgical  procedure,  and  ether  has  not  infrequently  beea 
al  intoxicant. 

laesthetics  produce  the  same  progressive  paralysis  of  the 
3  system  as  alcohol,  commencing  with  the  highest  oerebi 
ihose  of  self-control,  and  passing  downwards  through 
ximnial  divisions.  The  spinal  cord  is  affected  before  th^^ 
centres,  which  are  the  last  part  of  the  central  nervous  syt 
ome  paralyzed.  Some  authorities  believe  that  the  motor 
e  brain  are  first  stimulated  before  being  paralyzed,  but  it  is 
;  to  enter  u|X)n  this  question  here,  as  it  has  been  discusaed 
lol.  The  wilder  excitement  of  chloroform  and  ether  may 
the  greater  irritation  which  they  excite  in  the  periphery. 
remarked  that  the  depression  of  the  motor  areas  has  boeil 
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I  tally 


th* 


if  eliloroforni  and  ether, 


Fio.  5. 


r. 


:^ 


penmen 

ic  stimulus  being  uecodsarv  to  proilut-e  movement  of  a 
L?  drugs  than  befijre  them  ;  their  exeituhilily  hy  the  ple<»- 

irrent  has  not  iu^n  tGSte<l,  however,  (hiring  the  excili;nient  stage. 

DiEitthesia  \&  not  produced  equally  rapidly  tlimughont  the  body, 

lok  and   the  extremities  first  be- 

j  inM.'nf^ible,  then  tlie  genital  or- 

ind  K'ctum   and,  htst  of  all,  the 

supplied  by  the  trigeminus.    The 

»of  the  spinal  cord  are  said  to 
inerease<i  by  ether  aud  ehloro- 
uid  then  depressed  and  |>aralyzrd, 
e  primary  increase  is  of  very  sliort 
DD  and,  in  faet,  it  is  open  to  ques- 
hether  It  oceurs  at  all.  It  would 
\i  ether  and  chloroform  tend  to 
ftl»e  sensory  functions  before  the 
For  Berustein  found  in  t^ome 
It  if  chloroform  were  extdudcd 
Jtion  of  the  spinal  cord  by 
Ion  of  part  of  the  pia  mater, 
"8  could  he  elicited  in  other  parts 
cord  by  the  irritatinu  of  sensory 
Lwhose  cells  lay  in  the  protected 
Hiile  irritation  of  nerves,  the 
OT  which  were  exposed  to  the 
form,  lm<l  no  effect  (Fig.  5).  In 
tJlected  area  there  were,  of  cotjrse, 
itor  and  sensory  cells,  and  an  ini- 
iching  the  protected  sens^ory 
transmitted  to  the  nciglihoring 
Jfio  to  more  distant  motor  cells. 
npulse  reaching  tlio  exposed  sen- 
sell,  on  the  other  hand,  was  not 
pitted  to  the  motor  cells,  aillioiigh 

fre  shown  by  the  first  part,  of 
iment  to  be  cajjable  of  slimula- 
iter,  lH)wever,  the  motor  cells 
pandyzed,  as  is  shown  by 
lation  of  the  cord  having  no  effect, 
rhen  the  respiration  is  still  active. 
ical  stimulation    of   the  cerebral 


^toi 
Btr 


:^ 


It[iii;raiu  of  tbe  aiiiDnl  coM.     A'BwTt 

IhI    lu    lUc  tU-'tlOD  of  C)ll»- 


of  thd  Qfiril  I'xpuAi 

rornrni,  ff-f"  pari  unaflVTt<?d 


A  i»eai»"»ry 


TupreoaliiD  iravcKoff  by  ihr  pnnti'rtor  nNit 
fll>rc  D  does  not  ellcil  a  reflex  movvmciit, 
bti  L  line  roachluR  tlie  cortl  ihrouKh  tl)«  un* 
ftfl'cvUK)  ruot  h  cauBOs  reflex  impultea, 
wliirli  may  )te  sent  out  \>y  lli«  uiotur  ccHi 
F,  /■'In  Ih©  unaffected  nroa,  ftr  by  F\  F' 
In  tfie  n<>iione«Iiirca.  ThiTfllsor  Iho  an- 
terior norii''  /•',  /■■'  iiiid  thf  tifjndHlf*  wir- 
n>undlDg  thoin  arc,  therefore.  Intart  after 

produces  movement  for  some   J,'iT„T""  '"  ^  i''t«n-upi«i  at«>nM,otb«r 
r  sensation  has  been  lttst,but  as 

hesia  l)ecomes  decfwr,  their  irrilnViIlity  disapjwars.     Finally 
nllary  centres  are  also  piinilywrl   hy   tfie  arite.sthetic.     Some 
ities  have  stated  that  they  are  first  .stiimilatt'd  diri^.t;tly  by  c-hloro- 
ether,  but  the  evidences  for  this  will  be  discussed  later  (page 
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•r  cbloroibnn  or  other  is  often  a  slowing  or  eveo  a  temporary  Htuiid- 

ill  of  tlie  heart,  due  to  reflex  stimulation  of  the  inhibitory  centre 

im  the  irritation  of  the  air  [wissages ;    but  in  other  «wi*h  a  short  rise 

the  bUMKl-pressure  \a  seen  from  a  similar  reflex  action  on  the  vano- 

(vntri*  and  this  may  be  aeeompanied  by  extreme  aeceleration  of 

iIm?  arising  frt>m  the  general  excitement.     Later,  Ijowever,  a  fall 

Fig.  7. 


*%A- 


pi** 


*«*''*«*M*o- ArtAnitnniuvAjv  iuwrtrti^^ 

it  fnfl  of  thf  bloo«1-prf*««ii rr  III  R  cat  JiirlOK  flnintthrstn  witli  dilulir  clilorufurtn  vapor.  Al  A, 
r««*iirr.  /f,  inlimlill'iii  r"miu<'i)CtKl  luiil  i)i4>  )in^.<(!iti re  slnwi)-  full*  xwn  Rnrrward*.  C,  I)Io(m1> 
I  iniDUt**  after  P.     If,  K.i  aitDittist  after  It,     K,  IV'i  luititittts  Uler.     At  S.  U)«  rwiplratlOQ 

4.  but  th«  btood-pfvaaur*  la  tlill  fkurty  high  and  tbo  pulae  b  aaU»fiwWl7.     B«l«w  the  tlioe  Ift 

Hiad  in  accanda. 

in  U()od-prc«sure  is  observed,  and  afterwards  a  distinct  slowing  of  the 
bttrt.  Kventtiallv,  if  the  administration  be  carried  far  enough,  the 
Wowl-pressure  falls  to  zero  and  the  heart  ceases  to  bcjit.  The  way  in 
thich  this  fall  iu  tlie  blood-pressure  is  produced  has  been  the  subject 
nf  |irrt!t»nge<i  ilisoussion,  but  it  is  now  generally  recognized  that  the 
vi^kut-iss  of  the  heart  is  tlie  chief  factor  and  that  along  with  this  there 


Fio.  8. 


•b4  tlaajrermu  ftUI  In  the  Mnotl-pres«iirv  fhim  tbe  iulialalloti  uf  lu(>  i<ouc<tnLniUHl  vapiir  i>r 

durlBir  ana^ihr^lfl  It  a  r^l.     W  A  tttr  ivuernlrMlcil  va|Mir  \n:iimti  U)  Im?  fnfl|>lnil.     At  /t  the 

kau  r."  -II'  llilnl  uf  tlie  lictKtil  al  .1.  and  the  jHilnr  »»<  *>:•  wt'ck  a«  to  tM 

,ttthl<  .1  tunnk  wi»  rvtiioviil.  auii'  at  ''aitindat  roplratluu  «aa  mtu- 

■kaiiJlie  I*  <  ■  \iyi\  ia  stn^iiRlh  and  thf  prtrviuru  bogaii  tu  rleie. 

m  dilatation  of  the  peripheral  ves^sels.  The  blood-pressure  in  man 
iiB*bvn  found  tn  be  n?dueetl  by  chloroform  evpu  in  the  earlier  stages, 
in  deep  amrMhesia  the  fall  may  l»e  ver\-  miirked.  Under  ether  the 
re  ri<*  slightly  in  the  first  and  second  stages,  partly  from  the 
arising  fri»nt  thr  lucal  irritatinn,  nnd  partly  fnmi  the  muscular 
t».  During  complete  aniesthesia  it  full^  again  U>  hiightly 
the  normal  or  a  few  millimetres  l)elow  it,  but  never  reaches  a 
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•iiit    indicHting   grave   circulatory   disturbance    (Blauul, 

Heart. — TIk*    fntg'.s    heart    under   chlorofonn  or  otlior 
llmvly  and   more  weakly,  and  at  the  same  time  nndergtwt  ^ 
uuount  of  dilatation,  all  owing  to  the  |mralyxing  eflecla  of  ^ 
fon  the  canliae  muscle.     About  48  times  as  much  ether  ns 
is  require*!  to  alTert  the  fii>g's  heart,  however,  and  in  order 
to  dia.stoli<:  t>taM<Istill   36  times  an   much  ether  ai>  chlorofoi 
addeil  to  the  blood. 

The  efTectH  on  the  mammalian  heart  in  deep  anresthesi 
similar.  The  slowing  is  not  so  marked,  however,  as  the  we 
the  dilatation,  so  that  the  riiythrn  of  the  puLse  does  not  ii 
extent  to  which  the  tieart  is  affeiHed.  'i'ho  aurieleM  are  a( 
smaller  quantities  than  the  ventrii'le.^i,  and  the  former  may 
80  weak  as  to  give  practically  no  movement  to  an  attached 

Fio.  9. 


Mvooftrdio^i  I,  .rd  lit  Iho  rnoTuniL-cit^  <i(  the  ri|{)il  auriclQ  [itirpcr  1nii-iii||)  and  rt^r'*' 

(IowVt  trai^ii.^,  ■■■•■  i  .^  .liirin»;  ihu  inhal-itloo  rtf  c  tnc*i|lrst«»l  t?hl»r'>r>nn  varHir.  l»iiri»»' 
<|h<-  li*<-i>r  MttiivliiT^l  lu  lli«  luiriclti  (Dov««  Troui  /J'  lu  S',  tliat  Mllni-linl  lu  Hit*  rnitrli  l«  rrom  /'  ' 
idlmtliile  tlit'y  roliirn  (■>  //  aaJ  />  mitecliitily.  At  .1,  oiirio<>titrslril  chlnnfurm  ir&i  liifjiiU'd. 
l;etir->i>iM  of  tlio  IrvMrn  tawtin]^  «rHtule  rapiillr  dimlnUlir.l,  wuile  lliitt  of  the  veiitrklu  tow>n>' 
llHnK-wlittt  aitt(iiif<ni«Mt  AfleraAhnrt  timn  tno  auricle  oeas««l  in  <tlifc*ttol«,  while  the  r«nlri<^ 
iiliiinod  (»  iK'st,  thouh'ti  much  wcakvoed.  At  B,  tbo  chlorororm  wu  shut  uir  aud  ibe  heart 
recuver  very  aoou  afiorwarda. 


before  the  ventricular  force  U  ver\'  seriously  impaired  (Fig.  9). 
first  ilirtvt  effect  of  these  drugs  on   the  heart,  therefore,  is  a  Wi 
in  the  auricular  contraction  and  an  increase  in  the  ventricular 
tion.     The  diminution  in  the  strength  of  the  auricle  progresses 
while  the  ventricular  dilatntioD  soon  reaches  a  maximum  andj 
companied  by  lesj^eued  forw  of  contraction.     The  auricular  wt 
soon   becomes  ho  great  that    practically  no  blood  in  expelled 
systole,  and  the  slowing  of  the  hrart,  which  Ims  not  been  very 
up  to  this  point,  bety>mes  distinct.     The  ventricular  coutractij 
become  extremely  weak  and  occ^isionally  fail  entirely,  and 
wards  the  heart  come.s  to  a  sUmdstill  in  iliastole.     Occasional!^ 
pulse  appears  during  surt^ical  aujc'itbesia,  and  this  may  he 
dilatation  of  the  right  ventricle  causing  incompetency  of  thd 
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|Kunt   indicating  grave  circalatory   disturlHi 
Briggs). 

Heart. — Tlie    iri>g*H    lumrt    under   chl* 
slowly  and   more  weakly,  and  iit  the  saiu. 
amount  of  dilatation,  all  owing  to  the  pand 
on  the  canliae  musele.     About  48  times 
L*  required  to  affect  the  frog's  heart,  *■ 
tn  ili!L<toIic  standstill   30  times  as  u 
a<ldcd  to  the  blood. 

The  e(r«mt-s  on  the  ninmmalian  h< 
similar.  The  slowing  is  not  so  mark 
the  dilatation,  so  that  tiie  rhythm  «• 
extent  to  which  the  heart  is  affeotecl 
smaller  qtiaiititics  than  the  ventrlrli 
so  weak  as  to  give  practically  no  m 


1 


M>'OL'ariliirsrit|iliia  f-i  "t    ■' 
(luw^T  irui-inxi  nT  Tlir  ' 
Ihfl  l^'tirr  alU[-h»<i  It*  Hi 
dlasl'ik'  tiiey  return  l<>  .''  ..;. 
ctir»ii>n  of  xXiv  lof«»r«  tow-ir.h 
(tMFUCWltut  «uf;iuo(iT«<t     Aflor 
tliiutvl  lu  b«mt,  Hiuujrli  muuii  ' 
recnror  very  *oou  KnerwEnJi 


hsfore  the  ventricuhii 
first  direct  effeut  of  i 
in  the  anrirular  cmv 
lion.     The  diiiiin 
wliile  tliu  ventrli 
conipanied  by  h- 
soon  becomt^s  ^^| 
Hystole,  and  the  - 
up  to  this  |)  ' 
biH'.onie  extr-  I 
warils  the  hi;' 
pulse  appear 
dilatation  ot 


•V  id 

•  -:iuse   b4 

..It--  tlii-ni  si 

ins  niirt  d 

ities  is  til- 

i.r  ana*.sth<i 

.»)d  diu'iri^j 

gviicral  blcMj 

i  rrssels  occurs 
f<^  ut  any    r:. 
1^  &•  6ome   eenti 
-v  the  primary 
\T  Inined. 

Ti  to  a  marl 
^  «  o>rre.'i}K)ndin^ 
-A^ec  ^uuc>th<.•^iIt, 
:  c»>mpletely,  <l 
.  v-n   hiemalu 
11  the  nriu 
-      Ill  man,  w 

;    Ij.tV,  but  Otill 

mtion  of  the 
due  to  the  ti 
,  .v:iv  ns  to  ind] 
»l  iIm.*  penal  vess 


•  tVv 
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Vessels. — The  vascular  effects  of  the  aiiffistlieJ] 
difficult  of  investigation  by  the  pre-seuw  of  these 
The  general  impression   has   been   that  the 
centre  is  lowered  and  that  the  blt>i>d-pressui 
the  dilatation  of  the  ves.sel&  along  witli  the  W( 
deep  antesthesia  this  dojiret^ion  of  the  viwio-i 
elicited,  but  much  diiFeroHce  of  opinion  exiitl 
of  the  anaesthetics.     TIju:?  Sfhutiiet^son  o\ 
the  vessels  of  the  rabbit's!  ear  under  ehh 
gators  found  the  reflex  irritability  of  the  V( 
or  abolished  entirely  by  chloroforni,  whil 
But  Gaskell  and  Shore  catue  to  the 
marily  stimulates   the    vasomotor  (^onti 
Embley's  experiments.     This  stininliiti 
of  the  vessels,  but  there  is  no  iticreafle 
narrowing  of  the  vessels   is  more  than 
ness  of  the  heart.     The  effecta  of  ether 
not  been  the  subject  of  such  careful 
that  they  are  similar  to  tbo.'^e  of  chlorofc 

As  regards  the  effect  on  the   veswd 
that  chloroform  relaxes  the  mii:>cle 
perfusing  blood  containing  chlnrofoi 
organs,  however,  it  is  generally 
their  calibre,  while  ether  is  &aid 
sible  that  the  vessels  of  t!ie  diifcrej 
states  that  the  circulation   in   the 
the  abdominal  organs  is  accelcral 
vessels  are  generally  found  to  be 
is  probably  due  to  the  olianges 
not  indicate  any  direct  action  oi 

A  marked  dilatation  of  the  al 
aneesthcsia,  and,  in   the  ca^e  ol 
throughout;  this   is  probably 
in  many  other  similar  instam 
ncous  vessels  has  not  been  fill] 

Kemp  has  recently  draMTi 
renal  vessels  of  the  dog  witli  n 
blood-pressure  during  <](/e[" 
tion  of  urine  and   may  an 
the  kidney  that  albuminu 
writers  state  that  albumin 
portion  of  cases  of  ether  i 
a  corresponding  action  la 
any  change  except  a  slijt^l 
in  these  results  may  perl 
Ether  is  often  given  in  s 
this  may  induce  contract 
ing  rise  in  the  blood-pre 
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thai  cnloroform  is  about  3-.3S  limes  as  deprcse- 
HTvniis  sytst^tu  a«  ether,  while,  on 'the  other  han»l,  its 
la  at  least  8  times  ai>  great  as  that  of  ether.     Ether 
^^inore  ooncentnitetJ  form  io  pnnlnce  Hiiiesthesia,  and, 
'*'»<)?  '"r**^  """"tation  of  the  air  p;L>snji:cs,  as  shown  bv  the 
,  Jj^^    ™i  v:i  ariii  mucus,  by  coughing,  ami  by  the  sensation 
'<'tiiep  i    *^  ^"*>wn,  however,  that  if  air  containing:  less  than 
fci-t.^j    **"  *'*"i*l<xl,  this  irritntlon  and  feeling  of  suffocation 
Anivsthesia  is  pro<liiet'd  with  greater  dittiouUy, 
le»s   perfectly  than  with  chloi-oform,  and  tlie 


^y^rly       ^^*^<^rally  more  violent  and  prolonged.     But  the 
'»rpr  tj,  ^*uch  aHect*Hl  as  bv  chloroform;  it  may  be 

'•tbrrri   wh"  '^^'■*'*^>  t*"t  is  full  and  f^trong.     The  concentra- 
'^  '*'>"t'fri»^*^       ^**  neces.s'ir\ 


^^r\    which 


to  pnxluce  anuwthesia  is   very 
causes   si-rious   impairment   of  the 


"****  ''^*X>«ist      1*         other  hand,  'M  |M?rcent.  ethervapor  is  suffi 
.,^"fie  a    da  *    '^Ut  a  very  much  stronger  coneeutration  is  re- 
.j    T*'^'"'^**     j,^  'K'^fouH  condition    of  the  heart.     In   the  same 

"*«n 


itol:^         *»»e    concentration   rcfpiircd   to   priKluce  antes- 

in     ,^*  1^ ■»!   Kt<tp  the  respiratiou  is  very  much  smaller  in 

i>       "=      l.*-.*'^*'i  nud  the  amcsthetist  has  thus  more  leeway 


'^"^'^or,-,;' 


^Ixoi 


liorvj 


^-K 


t    1 


The  changes  in  the  mrt4dKdiHm  following 
•^^  liot  pnxlucwi  to  the  same  extent,  if  at  all,  by 


**^t 


C6(« 


"idrdjl;^ 

"fdri,,/ 
'n  very/,r>j^ 
"t  toind,^_ 


of  an  Anssthetlc  it  mu»t  be  said  that  each  has 

«?thcr  is  less  liable  to  cause  dangerous  symp- 

*    ^*^<1  ought,  therefore,  to  be  used  wherever  sj)e<nal 

— »**^<licate  the  latter.     <'hlon>form  is  always  pre- 

^^  ^^'^   it  causes  less  irritation  and  less  feeling  of  Mif- 


««*e 


{except  »■% 

;/.  e//,,r* 

-io  is  intiio 
in  «ii^*_^ 


^      ""    J>referred  by  the  surgeon  because  it  induces  an- 

»*>  ^      '^^^   vf  it  is  required.     In  cases  where  excitement 

<5  %  »  -fc^^"^  4is  p<«sil)le,  or  in  which  a  verj'  deep  anie^thesin 

„^^^^^^*~    relaxation  is  n'f|nired,  and  in  irritiible  ccmdi- 

B^^  ^?''*^»  chloroform  ought  to  be  used  rather  than  ether, 

1  ?*^s,  etiier  sometimes  fails  to  in<luce  deep  aniesthe- 


^      *  *^^ntes  aniesthnsta  with  ether  may  be  diflictdtand 

^^    *^^*'ing  to  its  rapid  evaporation,  so  that  in  these 

,,^         *^o  necessary.      Lastly,  where  artificial  lights  are 

J  ^^'ectric  incandescent),  or  wheiv  the  actual  cautery 

^^  ^■^>— ^»  ^lungerona  on  account  of  its  inflammability,  and 

^^^^     ^^  *      On  the  other  hand,  chloroform  is  specially  con- 

^^**  fatty  change  of  the  lu-art  and  in  renal  disease. 

both  anaesthetics  may  often  l>e  avoided  by  in- 

^^**s    by   ehloi-oform   and   prolonging   it  by  small 

T^he  efleets  of  the  prolongcil  use  of  chloroform 

y,  and  at  the  same  time  the  cxcitcmcDt  is  less 

^  found  ditTcront  absolute  viiIuch  from  ihese,  but  the  relnlivc 
'**^>forin  \»  generally  held  to  be  about  1  to  3.      (Uonigiuann.) 
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lose  of  phosphorus  |M>isoning,  and  have,  like  them 
ae  formation  of  aoid  in  excess  in  the  tissues.  1 
inly  after  those  sul)stances  of  the  fatty  series  in 
■lubstituttHl,  ether  having  little  or  no  eifect  in  prod' 
enition  or  in  changing  the  proportion  of  the  sulp' 
the  urine. 

Imnmnity. — Anirsthesia  with  chloroform  or  eth< 
anoe  of  the  tissues  and  renders  animals  more  susco) 
of  bacteria  and  to  the  action  of  toxins. 

Distribution  in  the  Body.  —  When  chloroform 
from  the  lungs,  it  is  carried  all  over  the  body  by 
equally  distributee!  throughout  the  tissues.     It 
already  that  a  loose  combination  exists  betwee 
lecithin  and  cholesterin  of  the  red  cells,  and  i: 
that  those  org-ans  which  are  richer  in  these  con? 
larger  quantities  of  the  drug.     As  a  matter  o 
and  ether  are  found  in  larger  quantities  in  the ' 
liver  or  muscles,  which  is  in  conformity  with  * 
Overton  regarding  the  causation  of  narcosis  (] 

The  Excretion  of  both  ether  and  chlorofor 
the  lungs.     Whenever  the  partial  pressure  o* 
falls  suificicntly  far  below  that  in  the  blood  ' 
between  the  aniesthetics  and  the  constituer 
diffuses  back  into  the  alveoli,  and  thence  pa- 
the  aniesthetic  is  eliminated  very  rapidly,  !• 
said  to  be  found  in  the  breath  for  24  hoi' 
even  longer  in  cases  in  which  there  is  a  ten:- 
the  bnmchi.     As  far  as  is  known  this  is 
is  excreted,  but  small  quantities  of  chlorofi 
for  it  has  been  found  in  the  urine,  and  is 
tion  and  tlic  milk.     Some  of  the  chlorofi 
combustion  in  the  Iwdy,  for  Kast  found  * 
aiderably  increased  after  its  inhalation.' 
also  augmented,  owing  to  the  hydroch 
bustion.    Bongers  has  found  traces  of 
its  subcutaneous  injection. 

Differences  Between  Chloroform  and 
resemble  each  other  closely  in  their  gt 
])oints  of  importance.     Thus  ether  h: 
than  chloroibrm,  for  Spenzer  found  1 
ether  vapor  in  air  pixKluccd  only  inc< 
cent.  induoe<l  narcosis  in  25,  and  4. 
per  cent.  stopp<Hl  the  r(«piration  w 
taine<l  no  narcosis  with  0.5-0.7  vo' 
plete  narcosis  with  1  \wr  cent,  only : 
standstill  with  1.')  |K*r  cent,  in  the 

*  It  is  stalLil  that  I'lilnrnfonn  in  the  <■ 
muDuxidu,  which  may  be  recognizud  in  th 
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|ve.  The  mammalian  \waTt  suffers  uniltr  extremely  dilute  chloru- 
^  solutiouB  when  tbe«c  are  perfused  through  the  oorouary  vesijols. 
^m  Sherrington  and  Sowton  found  that  blood  containing  0.01  per 
nt  of  rliU)r«»fi»nn  4*xorcise<l  a  distinctly  deleteriims  effect  on  the 
■irt,  and  alM>ul  O.Oo  [h^t  cent,  of  chlorof'irm  was  sufficient  to  arrest 
j  Loeb  found  that  0.4  j>er  cent,  of  ether  in  blcKKl  perfused  through 
le  buirt  urrestted  itj4  movenieut:^  in  a  few  minutes,  80  that  c}iU>roform 
)pcare  to  be  at  least  eight  times  as  jioisonous  to  the  mammnlian  lumrt 
(ether.  Ether  tends  to  dilate  the  coronary  ves:?elsj  wliile  chlontform 
tther  ounstrirts  them. 

^Thift  direct  cardiac  action  of  chloroform  is  manifestetl  most  dis- 
betly  in  the  third  stage  of  aniesthesia,  although  it  is  present  to  a 
HIer  degree  in  the  earlier  stage.s.  But  apart  ft-om  this,  the  heart 
iPte  :iffe«.-te<l  earlier  by  inhibitnry  activity,  and  this  is  of  the  gravest 
pi|K>rt  in  practical  anicsthesia  (Embley).  Tlie  inhibitory  centre 
ntoars  to  1^  throwu  into  a  state  of  abuornml  activity  and  the  irrita- 
Swi  of  the  air  passages  leads  to  reflex  inhibitory  impulses  being  sent 
(t  tlie  liearl,  which  responds  by  slowing  and  occasional  stoppage.  In 
k  normal  heart,  inhibitory  arrest  is  transient,  the  heart  only  pausiug 

ta  few  seconds  and  then  recommencing  its  contractions.  But  the 
rt  weakened  by  chIon>form,  even  in  the  commencement  of  anaes- 
bftB,  oftoD  fiiils  to  recommence  beating  and  |wmiauent  fi'ihire  of  the 
HfulaLba  and  death  result  (Fig.  10).     This  has  been  demonstrated 


Fio.  lU. 


E0(  UiK  bl4Mj<l-prcMurQ  In  ■  1)09  uiitlur  cblornrortn  (■>  pvr  cent.  I — »udJun  oluwingof  Uie 
heart  Kud  tell  In  preiwure  frum  InblUtory  aotlon  (Embley). 

entally  in   the  dog  (Embley)  anil   aci-^ortls   with  a  ntimber  of 

'atiourf   of  j*mlden   dt-atfi    in    man.      It   is  liable   to  o<'riir   tii   the 

«lages  when   concentratetl   va|>or  is   inlialed,  while  in  coiiiplcte 

ia  the  vagus  centre  appears  to  l^e  less  irritable.     Ether  injures 

lvs»  tlian  chlon)forin,  and  this  fatal  inhibitory  arrest  lias  not 

«bown  to  be  induced  by  it. 

u 
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Vessels. — The  vi\soiilar  effects  of  the  anaesthetics  are  reudered  vi 
difticult  of  inve.stig:iti(ni  bv  the  presence  of  these  ehanges  in  ihe  timrt 
The  general   impression   hns   been   tlmt   ti»e   tone  of   ihe  vastHinotyr 
centre  is  lowennl  and   that  the  blo4»d-pres8ure  therefore  falls  llipin^-h 
the  iiilatatinn  of  the  ves^'ls  tilong  with  the  weakness  of  the  heart;  m 
det'p  aniestljcsia  tiiis  depression  of  the  vast>-motor  centre   U  pmlwlily 
eli<'ited,  bnt  mnch  difftTL'nee  of  opinion  ejiists  as  to  the  earHer  illw'ls 
of  the  uuawtlietie:?.     Tims  Seheiue>sou  olwiervetl  murkotl  dilatalion  of 
the  vessels  of  the  rabbit's  ear  under  chloroform,  and  sevend  irivcsti- 
g:itors  found  tlu-  reHcx  irritability  of  the  vaso-motor  wntre  diniini>hcd 
or  aUdishcil  entirely  by  chloroform,  while  ether  had    less  effect  en  iu 
But  Giwkell   and  Shore  came  to  tlie  conclusion  that  chU)n)forci 
marily  stimulates    the    vaso-nu)t(tr  centre,  and    this    is  continued 
Embley's  experiments.     This  stimulation  results  in  sttme  w^nstri 
of  the  vessels,  but  there  is  no  increase   in   the  blood-pressure  as 
narrowin^jr  nf  the  vessels  is  more  than  couuterbalanfe*!   by  the  wenk- 
ness  wf  the  heart.     The  eflects  of  ether  on  the  vaso-niotor  centre  liave 
not  been  Ihe  subjert   of  such  carefid   res^^arch,  but  it  seems  probi^b 
that  th(y  are  similar  to  those  of  eldoroform.  ^ 

As  n^anls  the*  eflect  on  the  vt-ssel  walls  directly,  End>lev  argw* 
that  chIoi*oform  relaxes  the  muscle  and  thus  widens  tiie  arterioles.  On 
perfusing  bltHid  containing  clilonifonu  tlirough  the  vessels  of  isolate*! 
organs,  however,  it  is  generally  found  to  cause  some  narrowing  of 
their  rjilibn^  wliile  other  is  said  to  dilate  them  slightly.  It  is  p^ 
fiiblf  that  the  vi-ssels  of  the  different  organs  react  diffcrcnlly,  for  V^*^ 
states  that  ihe  circnLition  in  tlie  extremities  is  slowefl,  while  that  *" 
the  abd(fminal  organs  is  accelerated  under  una?stlieties.  The  cen-bi^ 
vessels  arc  generally  found  to  be  nan*owed  during  amesthcsia,  but  tl* 
is  [)Ml>ab!y  due  to  the  clianges  in  the  genend  blood-pressure  and  d^ 
not  indiejite  any  direct  action  t>n  them.  ^ 

A  marked  dilatation  of  the  skin  vessels  occurs  in  the  first  staged 
aniesthesia,  and,  in   the  case  of  etlier  at  any   rate,  generally  ]>erd£ 
throu^liout  ;  this   is  probably  due  to  prmie  central   action,  but  here, 
in   many  other  similar  instances,  the  primary  rlilatalion  of  the  uut<l 
nenus  vesM'ls  has  ntvt  bn-n  fully  explained. 

Kemp  has  recently  drawn  attention  to  a  marked  eontnictitju  of 
renal  vessels  of  the  dog  without  a  correspon<]ing  increase  in  the  genera 
bhuKl-prc-sure  during  deep  ether  anaisthesia,  which  lessens  the  secr« 
tion  of  urine  and  may  arrest  it  completely,  or  cause  such  injur)'  t 
the  kidney  that  albuminuria  or  even  hiematuriu  may  follow.  Stjni 
writers  state  that  albumin  is  found  ii3  the  urine  in  a  considerable  pro 
portion  of  cases  of  ether  aniesthesia  in  man,  which  would  suggest  tliA 
a  cnrrc'iporiding  action  is  elicited  hert?,  but  others  have  failed  to  detec 
any  change  except  a  slight  diminution  of  the  urine.  The  discrepnne; 
in  these  results  may  perhaps  he  due  to  the  mctlKul  of  administration 
Ether  is  often  given  in  such  a  way  as  to  induce  partial  asphyxia  am 
this  uiav  induce  contractitm  of  the  renal  vessels  without  a  corresjMind 
ing  rise  in  the  blood-pi'essure. 


I 


Thr  Hascles  and  Nerves  are  not  affected  by  chlomform  or  ether  when  In- 
huicd.  Iiiu  when  a  frog's  miwole  U  exposed  to  nn  atmosphere  of  either  of 
ihdni.  it  it*  woukcntMl,  lose**  it**  irriluhility  and  eventuallj'  |t:i-«ses  into  ripor 
oiorti-*;  Ei^ennieyer  and  Buphheim  found  that  the  reUixation  of  muscle  aller 
conlRiction  wha  soinewhaf  relarde<l  by  exiK>i4Ure  to  dihitt;  vapor  of  chloro- 
form. Waller  has  recently  shown  that  when  a  froj^'n  nerve  i»  exi)OHe<]  to 
cMomroiiu  or  ether  vapor  in  weak  dil  til  ion,  it**  irriiability  is  at  first  increased; 
HMogvuiHir,  on  the  other  hand,  ahulishe.s  thr  exeitabilily  leuijKnarily  iu 
thf  niii' id' ei her,  generally  pennaneully  in  that  of  chloroform,  which  is 
ttiuih  Kit'  more  powerful  nerve  [>oi.son  of  the  two.  The  sensorj*  (ibrcs  are 
wiij  to  Uv  paralyzed  ijouner  than  the  motor  when  chlorofonn  or  etlier  is  ap- 
I'liH  to  A  initc'l  nerve  (Pereles  and  Sachs),  and  some  motor  fibres  of  u  tnink 
nuy  n-tiintn  uuallV'cted,  while  others  are  paralyzed;  this  may  he  due  to  the 
iiuUmiii'al  arraii^enii'ut  (Albanere},  but  is  probably  the  result  of  some  funda- 
nwnta!  ililferfiice  in  the  librus.  The  l<K'al  jtaralyzing  effects  of  other  have  been 
f'hi'HK^  n?peatedly  in  the  human  subject  by  itA  i^ubcutaneons  injection,  and  have 
oecaaotwlly  been  followe*!  by  neuritis  and  penuanent  weakness. 

Chl()n)fi»rm  and  ether  di^^olve  the  Bed  Corpuscles  and  free  the 
bwinogloljin  when  they  arc  siinikcii  with  dotibrinated  blood  outside  the 
My,aiid  chhirofbrm  is  said  to  retftrd  the  reduction  of  oxyhtemoglohin 
^'v  (tTining  a  hxise  combination  with  it ;  Da  Costn  hohLs  that  etlier 
Iti'l'' to  de^tniy  tiie  red  cells  during  antcsthesia  and  advises  ciiution  in 
'l^aiirninistrattoii  in  cuacs  in  which  a  diminution  in  their  niinihers  may 
t»e 'if  serious  import.  A|>|)areutiy  chlorofonn,  wlien  absorbed,  exists 
lit  In  simple  sohition  hut  in  loose  combination  wirii  the  cholesterin  and 
Wiin  of  the  red  corpuscles  and  with  the  prot'-iiLs  of  tiie  plasma 
(Mwre  and  Itnaf).  The  blood  therefore  takes  up  eldoroform  and 
'^lierin  mtich  larger  quantities  than  water  ar  .'ydine  solution. 

Tht:  pfferts  of  ohlowform  and  ethor  on  the  Pupil  prewnt  somr  varia^ 
hoti  in  different  animals,  and,  indeed,  are  not  very  c(nis!ant  iu  man. 
^'«  I'titirelv  sitisfactorv  explanation  of  their  niechnniiiin  Iku*^  been 
offered  as  vet.  The  dilatation  of  the  pupils  in  the  first  and  secntid  stagei? 
*  merely  the  accompaniment  of  the  general  excitement  and  anxiety,  and 
'*n(it?|ieeific.  The  contraction  in  the  stage  of  unco[isciousne.s.s  is  similar 
^'t^at  Si-en  in  natural  sleep,  and  is  evidently  of  centiid  origin.  It  may 
P^tlttftp  be  a  secon<lary  eflcct  of  the  dilatation  of  the  vessels  in  the  iris 
iLitnljuurgl,  The  dilatation  occurring  during  wakening  or  vomiting 
*eviilentiv  causwl  by  the  same  piiK-css  aa  that  of  the  preliminary 
^^s  .Tiwt  l»efore  death  the  pupil  dilates,  and  this  may  i)erhaps  bo 
Attributed  to  the  eff(.'c(s  of  asphyxia  on  the  muscle  of  the  iris,  and  is 
**fr(f|nently  observwl  in  death  frfim  (ttlicr  causes  that  it  canuut  be 
'^wied  as  a  direct  result  of  the  chloroform. 

Tilt*  l(Mxil  effectfl  of  tlie  anicsthetics  on  the  Alimentary  Canal  and 
Wiritory  Passages  are  confine*!  to  irritation  witii  resultant  reflexes. 
Tliiis  the  profuse  secretion  of  saliva  and  of  mucus  is  due  to  the  irri- 
laiiiin  musing  incrciised  activity  of  the  glands  n-liixly,  and  can  be 
"fasted  bv  atnipinc.  It  has  I>een  stated  that  the  bronehiMl  rhouchi 
fW^due  etitirely  to  aspirated  saliva,  bnt  this  is  incorrect,  aa  they  occur 
Wiiiitaals  to  which  the  aniesthetic  has  IwM'n  given  throtigh  a  tracheal 
•^luU.  The  irritation  is  mucli  greater  when  eoncentrat^ii  ether  fumes 
^  inhaled  than  in  ordinary  chlorofonn  antestheaia. 
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This  local  irritation  may  explain  iu  part  the  vomiUng  whicli  is  so 
often  a  ftatun;  of  ansestbesia.  Tbe  irritant  vapors  reaoh  not  only  the 
throat,  l)ut  also  the  slomaoh  with  the  mucus  swallowed,  and  irriUilitm 
of  either  of  these  parts  may  well  lead  t«»  reflex  vomiting.  But  similw 
pffectvS  are  occasionally  inchu.^l  by  other  methods  of  aniesthrsia^  nijf')! 
as  by  nitrons  oxide,  in  which  local  irritation  can  play  no  part,  wtbai 
there  is  probably  some  central  effect  in  addition.  Tbe  ordinarv  niov«- 
mentti  of  the  stoinjich  and  intestine  do  not  seem  to  be  influenced  in^ 
aniestbesia,  unl(Ms  when  it  is  accompanied  by  a.sphyxia,  when  the  [tfri- 
stalHis  may  be  increased. 

The  Kidney  appears  to  be  affecte<l  in  a  certain  proportion  of  (•!'*» 
of  aniesthesiii  iu  man  as  is  shown  by  the  apix?arance  of  albumin  in  tk 
urine.  Chloroform  induces  typical  fatty  deg;eneration  occa-^innalk, 
while  the  albuminuria  after  ether  ha*^  been  asorilx'd  to  a  specifii"  v^*- 
cular  change  by  Kemp.  The  projM^)rtion  of  cases  iu  which  this  orgafl 
is  affected  seems  to  vary  extraordinarily,  some  authorities  finding  alfm- 
ininuria  in  30  per  cent,  of  the  cases  where  chloroform  was  unA', 
while  others  could  detect  it  in  less  than  H  per  cent.  Most  siirgwns 
consider  chloroform  far  more  deleteriims  to  the  kidney  than  ether. 

The  Uterine  Contractions  durinjj^  [Ktrturttitm  seem  little  ioBuenee<il>y 
moderate  auiEsthesia,  but  are  slowed  in  the  deeper  stages,  pn)biiWy 
because  the  anresthetics  les-scn  the  irritability  of  the  spinal  w^'- 
Chloroform  and  ether  pass  into  the  fuetal  bl(H)d,  and  sonK-  • 
ments  are  recorded  iu  which  the  fcetus  was  killed  by  tbe  iuli;ii : 
while  the  mother  recovered.  This  may  be  caused  either  by  the  direct 
action  of  the  drug  on  the  young  animal,  or  by  the  low  maternal  bW* 
pressure  leadinj»;  to  itA  asphyxia.  It  does  not  seem  dangerous  Ut  i*^' 
duce  a  moderate  degree  of  aua,'sthcsia  during  lal«>r  in  human  briniT*' 
although  here,  too,  the  effects  on  ti»e  child  are  shown  by  an  increase  *" 
the  nitrogen  excr(*(ion  iu  the  urine  for  some  days. 

Tiie  Temperature  falls  during  auajsthesia  of  even  short  darattO*^ 
Thus  Kappeler  fotunl  it  reduced  0.2-1.1°  C.  when  chloroform  was  i*** 
haled  15—40  minutes,  and  a  fall  of  3—5'^  C  has  l)een  observed  duri''S 
very  loug  auie:3thesia.  This  action  is  due  partly  to  the  greater  outp'-*'' 
of  heat  through  the  dilated  skin  vessels,  but  mainly  to  a  lessenetl  hc^ 
production  {nnn  the  diminislietl  muscular  movement.  It  is  not  nec<^ 
sary  to  ari^ume,  therefore,  us  some  writers  do,  tliat  the  amesthetics  lesser 
the  heat  production  by  their  direct  effects  on  the  tissues  in  general. 

Of  late  years  a  good  deal  of   interest  has  l>een  manifesUnl  in  tb 
effects  of  the  ausesthetics  on  the  Metabolism  of  the  tissues,  and  it  is  noV 
generally  recognized  that  i'lih)ri)form,  in  addition  to  its  action  on  ih^ 
centnd  nervous  system,  prodin.rs  marketl  changes  iu  the  nutritive  proc^ 
esses  of  protoplasm.      The  simpler  organisms,  which  are  devoid  vC 
nervous   structure,  are  killed  iu  comparatively  dilute  solnticms,  amf 
chlomform  water,  therefore,  prevents  or  retards  putrefaction  »n<l  the 
fermentation  of  yeasts.     It  seems  to  hinder  the  action  of  st»me  fer- 
ments, *=»ich  as  pe|isin  and  rennet  fenneut,  when  added  in  oi^mimra lively 
largo  quantities,  but  increases  their  activity  in  greater  dihitiou.     Plantfi 
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ilato  carlwDic  acid,  but  are  not  killed  by  cliloroform 
wwpt  in  very  larj^  tiuantitied.  In  tlie  higher  animals  and  in  man, 
c\'i)l<'iii.rs  of  till  altoralion  in  the  processes  of  life  aud  nutrition  of  the 
liifft-rtiU  orgiins  have  also  been  discovered,  (|uite  apart  from  the  effects 
on  IJm  nervous  system.  Thus  fatty  degenenition  '  of  various  organs  is 
pradooed  by  chloroform  administered  repeiUedly  aud  even  by  single 
inliilstino-*  in  sfirae  oAses.     The  organs  implicated  in  this  change  are 

liviT,  hejirt  and  kidnevH  more  especially,  hut  degeneration  of  ortli- 
muM^le  has  als<3  been  observed  occasionally.      If   this  pi-oeesa 

ins  a  certain  degree  of  development,  it  may  lead  to  failure  of  the 
bat  otherwise  the  tissues  recover  in  the  course  f>f  a  few  days. 
Tnaei  »f  fatty  degeneration  have  been  observed  after  prolonged  ether 
oanDOsis  also,  but  they  are  so  slight  that  no  signifiranee  attaches  to 
tKem  from  a  practical  point  of  view  (Selbaeh),  Given  in  small 
fjmntities  for  several  montliH,  eldoroforni  leads  to  atrophic  cirrhosis 
of  th«  hvcr,  and  to  a  less  extent  of  the  kidneys,  spleen  aud  hnigs,  this 
dnhotic  change  forming  a  sequel  to  a  preliminary  fatty  degeneration 
the  jiarenchymatous  cells.     Some  jaundice  occasionally  occurs  after 

fvform  nnicsthesia,  and  in  one  case  ncutc  yellow  atro|)hy  of  the  liver 
imned  to  be  induced  by  it.      Ether  has  no  such  effect.     (Handler.) 

Other  sym|»toni9  of  disordered  nutrition  arc  obtained  fmm  the  urine 
•eervted  during  and  after  the  administration  of  chloroform  either  by 
tnliftlation  or  by  the  stomach.  The  nitrogen  eliminated  is  considerably 
innrttft-df  and  the  sulphur  shows  a  similar  augmentation,  and  these 
would  seem  to  indicate  an  increasetl  destruction  of  nitrogenous  (pro- 
teiil)  bfjdies  in  the  tissues.  In  the  normal  urine,  the  sulphur  ap[>ears 
ptrtly  in  the  form  of  sulphates,  partly  in  fonns  in  which  it  has  under- 
g"t'   *  Miplete  oxidation.     After  chloroform  the  jiroportinn  of  these 

o  >  is  chungwl,  the  unoxidiz-ed  sulplinr  forming  a  much  larger 

fux  nl*  the  total  than  normally,  and  apparently  occurring  in  a  substance 
B«rlyallii*d  to  cystin.  (Kast  and  Meater.)  This  indicates  that  while 
the  breaking  up  of  the  nitn>gcnous  tissues  is  greater  than  normal, 
tbr  oxidation  is  not  so  ]jerfect,  and  another  fact  pointing  in  the  same 
direction  i^  the  not  infrequent  occtirrence  of"  acetone  in  the  urine  and 
breath  and  of  glycosuria.  (Becker.)  It  has  long  been  rccognixed  that 
diibelcs  is  liable  to  1>e  aggnivaliHl  by  chloroform  ana^thesia,  and 
finalities  after  chloroform  seem  due  to  tliis  action.  The  sugar 
«f  the  liliM«l  has  been  found  to  be  increased,  and  tlie  glycogen  of  the 
livff  is  diminished  or  entirely  absent  after  ehlon^form  ;  this  is,  nc- 
'^niiog  to  Paton,  the  effect  of  a  speiMfic  action  on  the  liver  cells,  which 
fifrra  ^Tcogrn  into  sugar  much  more  rapidly  than  usual  ;  ether  lias  a 
^tiy  much  Icjis  powerful  action  on  them.  Bile  pigment  is  said  to  occur 
in  Uie  unnc  in  a  (H>nsidcrable  number  of  eases  of  aniesthesia  with 
chUroform,  especially  one  or  two  days  after  the  administration.  The 
ann  ftcid  of  tJ»e  urine  is  augmented. 
TlicM  effects  of  chlorofitrm  on  the  metabolism  resemble  very  closely 

'TlMMiiuidivcrgent  vivws  ure  held  in  ivgitril  to  the  nnturc  of  thiit  *'  (lefipiicration  " 
**nilkccM*of  phoephun»,  to  the  chapter  on  which  the  reador  u  rvferred. 
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tliose  of  pluwphorus  poisoning,  and  have,  like  them,  iK'cn  ascribed  to 
tlu*  formation  of  acid  iu  excetw  in  the  tissues.  They  seem  to  ocxtir 
only  after  thow  Hubstanoes  of  the  fatty  Heries  in  which  chh  trine  is 
8ul>:^titi]te.d,  ether  liaving  little  or  no  effect  in  pnwlneinp  fatty  de;ren- 
eration  or  in  changing  the  proportion  of  the  sulphur  compounds  in 
the  urine. 

Immunity. — .\n(esthesia  with  chloroform  or  ether  rednces  the  resist- 
ance of  the  tissues  nnd  renders  animals  more  suseeptihle  to  theinva;iion 
of  l>aetena  and  to  the  action  of  toxins. 

Distribution  in  the  Body.  —  When  clilorolbmi  or  ether  is  absorbed 
from  the  hings,  it  is  carried  all  over  the  bcMly  by  the  bhxxl,  but  is  not 
c^jually  diritributed  throughout  the  tissues.  It  has  been  mentioned 
already  that  a  loose  combination  exists  between  chloroform  and  the 
le<Mthin  and  cholesterin  of  the  rt^l  cells,  and  it  was  to  l>e  anticipat<Hl 
that  those  organs  which  arc  richer  in  these  constituents  w(Hdd  contain 
larger  quantities  of  the  drug.  As  a  matter  of  fact,  both  chlorofonu 
nnd  ether  are  found  in  larger  quantiticH  in  the  brain  than  in  the  bloiKl, 
liver  or  muscles,  which  is  in  oonfonnity  with  the  theory  of  Meyer  and 
Overton  regarding  the  causation  of  mircosis  (page  12><). 

The  Excretion  of  both  ether  and  (ihhtroform  takes  place  mainlv  by 
the  lungs.     Whenever  the  jxirtial  pressure  of  the  vapor  iu  the  olvwjli 
falls  sutticicntly  far  l>elow  that  in  the  bltHxl  to  loosen  the  combination 
between  the  aniCHthetics  and  the  cxinstitueuts  of  the  bl(»f>d,  the  drug 
diffuses  back  into  the  alveoli,  and  thence  passes  into  the  air.     Most  of 
the  auiesthetic  is  oliminnted  very  rapidly,  but  traces  of  chlomforra  an' 
said  to  be  found  in  the  breath  for  2  4  hours  after  the  inhalation  an*! 
even  h)nger  in  eases  in  which  there  is  a  tenacious  mucous  secretion  fnun 
the  bronchi.     As  far  !\s  is  known  this  is  the  only  way  in  which  other 
is  excrete<i,  but  small  quantities  of  cldoroform  escape  by  other  channels, 
for  it  has  been  found  iu  the  urine,  and  is  said  to  occur  in  the  perspira- 
tion and  the  milk.     Some  of  the  chloroform  inhaled  seems  to  undergo 
combustion  in  the  body,  for  Kast  found  tlie  chlorides  of  the  urine  con- 
siilerably  increased  after  its  iidialalituK'     The  acidity  of  the  urine  \& 
also  augmented,  owing  to  the  hydroeldoric  acid  formed  by  the  com- 
bustion.   Bongt^rs  has  found  traces  of  chloroform  in  the  stomach  after 
its  snlxnitan(H)us  injection. 

Differences  Between  Chloroform  and  Ether.  —  Ether  and  chlorofomj 
resemble  each  other  closely  in  their  general  effects,  hut  differ  in  ccrtaii^ 
points  of  inipftrtance.  Thus  ether  has  a  much  weaker  narcotic  action 
than  chloroform,  for  8pen/.er  found  that  1.0—2.5  volumes  per  cent,  of 
ether  vapor  in  air  produced  only  incomplete  aniesthesia,  that  .*J— .3.5  per 
cent,  induced  narcosis  in  'io,  and  4.0  per  cent,  iu  15  minutes,  while  6 
per  cent,  stoppcnl  the  rtwpinititm  within  ten  minutes ;  Rosenfcld  ob- 
tained DO  narcosis  with  0.5-0.7  vctbune  per  cetit.  of  chloroform,  com- 
plete narcosis  with  1  jjercent.  only  af\er  30—45  minutes,  and  respinitory 
standstill  with  1.5  per  cent,  in  the  course  of  J-2  hours  after  tbeinhala- 

^  It  t«i  ttUiU-d  that  c-liloioronn  in  the  miirse  of  itfi  tleMriictiun  foniui  trauis  uf  carbuo 
monuxidu,  whUJi  may  be  recogniE^Kl  in  the  (izpired  air. 
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tion  commencedJ  So  tlmt  cliloroform  is  about  3-3|  times  as  depress- 
ant U)  ihc  renlral  nervous  system  as  ether,  wliile,  on  the  other  hami,  its 
action  on  the  lieart  is  at  least  8  times  as  great  as  that  of  ether.  Ether 
has  to  be  given  in  more  ctmeentnited  form  to  produce  amesthesiji»  and, 
lliertfore,  produces  more  irritation  of  the  air  passages,  as  shown  by  the 
greatrr  secretion  of  saliva  and  mucus,  by  coughing,  and  by  the  sensation 
ofasphyxia.  Dre.ser  has  shown,  however,  that  if  air  containing  less  than 
*(  p^ir  cent,  of  ether  be  inhalwl,  this  irritation  and  feeling  of  suftocatiun 
is  iKtt  very  marked.  Auuwthesia  is  pnKluard  witfi  greater  diflienlty, 
more  slowly  and  often  less  perfectly  than  with  chloroform,  and  the 
stjige  of  excitement  is  generally  more  violent  and  prolonged.  But  the 
puliie  jy  not  nearly  so  much  affect^nl  as  Ifv  chhiroform  ;  it  may  \m* 
smipwhat  slower  than  usual,  but  is  full  and  strong.  The  coneentra- 
tiMii  of  chloroform  which  is  necessary  to  produce  aniesthesia  is  very 
cloat'  to  the  concentration  which  causes  serious  impairment  of  the 
lirart's  action,  while,  on  the  other  hand,  '<\\  percent,  ether  vapor  is  suffi- 
wnt  to  raiise  narcosis,  but  a  very  mudi  strongf^r  conivntration  is  rc- 
fiiretl  to  cause  a  dangerous  condition  of  the  heart.  In  ilie  same 
»ay  the  difference  in  the  concentration  required  to  produce  anies- 
thftiia  and  that  which  will  stop  the  respiration  is  very  much  smaller  in 
clilim»form  than  in  ether,  an<]  the  antesthetist  has  thus  more  leeway 
*l»eii  lie  uses  the  latter.  The  changes  in  the  metiiholism  fol]r)\ving 
liie  iise  of  chloroform  arc  not  producctl  to  the  same  extent,  if  at  all,  by 
Pthcr, 

lU'frarding  the  Choice  of  an  Anssthetic  it  must  Im?  s:iid  that  each  has 
Its  advantages,  but  that  ether  is  less  liable  to  cause  dangerous  symp- 
'wns  than  chloroform,  and  ought,  therefore,  to  b<'  used  wherever  special 
oiivAiinstaDced  do  not  intlicate  the  latter.  Chloroform  is  always  pre- 
«*Ttt!  by  the  patient,  for  it  causes  less  irritation  and  less  feeling  of  suf- 
focation, and  it  is  often  pr»?ferred  by  the  surgeon  because  it  induces  an- 
^tbcjiia  sooner  and  less  of  it  is  required.  In  cas4:'s  where  excitement 
*8  tiil)e:ivoide<l  as  much  as  possible,  or  in  which  a  very  deep  amesthesia 
'l^ili  complete  nmscular  relaxation  is  ret]uired,  and  in  irritable  condi- 
^<ons  of  the  air  passages,  chloroform  ought  to  be  used  rather  than  ether. 
Ip  the  case  of  drunkards,  ether  sometimes  fails  to  induce  deep  antesthe- 
^''liind  in  very  hot  climates  amesthesia  with  ettier  may  be  ditlimlt  and 
^'iplias.'jnt  to  induce  owing  to  its  rapid  evaporation,  so  that  in  these 
^'^^^  cbloroform  may  be  nwiessary.  Lastly,  where;  artiti<'ial  lights  are 
P^^'^fflry  (except  the  electric  incandescent),  or  where  the  actual  cautery 
**  tn  !mi  usetl,  ether  is  dangerous  on  account  of  its  itithimmability,  and 
^"I'tmform  is  indirat4?d.  On  the  other  hand,  elilonWbrm  is  speciuiiy  con- 
^'^luJicatod  in  cases  of  fatty  change  of  the  heart  unci  in  renal  disease. 
^"•^  di.sud vantages  of  lx>th  ansesthetics  may  often  be  avoided  by  in- 
uuting  tnironsciousness  by  chloroform  iiml  prolonging  it  by  small 
I'laiitities  of  ether.  The  effects  of  the  prolonged  use  of  chloroform 
*"^ivoidcd  in  this  way,  and  at  the  same  time  the  excitement  is  leas 

'OiIhtt  invr:«tij<ntore  have  roanH  different  abtiolute  valueB  from  thew,  but  the  relative 
^""■itl)  of  ether  and  chloroform  is  generally  held  to  be  abuut  3  tu  3.     (UonignianD.) 
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marked,  and  less  irritation  of  the  air  passages  is  elicited  than  if  the 
anaesthesia  had  been  induced  by  concentrated  ether  vapor. 

The  Dangers  of  Anssthesia  are  caused  only  in  part  by  the  direct 
action  of  the  ether  or  chloroform,  for  fatal  accidents  have  occurred 
from  objects  such  as  false  teeth  or  tobacco  plugs  falling  into  the  air 
passages  and  causing  asphyxia,  while  vomited  matter  has  been  drawn 
into  the  larynx  in  some  cases.  Very  often  the  relaxation  of  its 
muscles  permits  the  tongue  to  fall  back  into  the  throat,  rendering  the 
breathing  labored  and  stertorous ;  this  is  at  once  relieved  when  the 
tongue  is  drawn  forward.  The  accumulation  of  saliva  and  mucus,  or 
blood  in  the  throat  may  lead  to  similar  symptoms.  In  these  accidents 
the  chloroform  or  ether  is  only  indirectly  the  cause,  but  in  a  large  and 
ever-increasing  number  of  cases,  the  fatal  effects  must  be  ascribed  to 
the  direct  action  of  the  ansesthetics.  The  proportion  of  accidents  during 
anesthesia  is  very  difficult  to  estimate,  and  great  discrepancies  occur  in 
the  statistics  of  different  surgeons.  Thus,  in  one  of  the  London  hos- 
pitals, one  death  occurred  from  chloroform  in  1,236  cases  of  aneesthesia ; 
Juillard  gives  one  in  3,258,  McGuire  one  in  15,000,  as  the  proportion 
of  fatalities,  while  Lawrie  gives  a  series  of  over  40,000  cases  without 
a  single  death.  A  fair  average  would  seem  to  be  one  death  in  3,000 
chloroform  inhalations.  The  statistics  of  ether  fatalities  also  vary 
from  one  death  in  3,000  to  one  in  16,000  cases,  but  probably  one  in 
10,000-12,000  cases  would  represent  the  average  mortality.*-     - 

A  very  prolonged  discussion  as  to  the  Oause  of  Death  in  these  cases 
has  l>een  carried  on,  and  even  now  there  cannot  be  said  to  be  any 
unanimity  of  opinion  on  the  subject.  A  fatality  may  occur  practically 
at  any  stage  of  the  anaesthesia,  and  the  accounts  of  its  onset  and  symp- 
toms differ  exceedingly.  In  the  majority  of  cases  it  is  stated  that  the 
pulse  suddenly  disappeared,  and  the  breathing  either  ceased  at  the  same 
moment  or  after  one  or  two  weak  inspirations.  In  others  the  respi- 
ration is  stated  to  have  ceased  before  the  jnilse,  and  in  several  the 
heart-beat  could  be  felt  or  heard  after  the  pulse  ceased.  A  very  con- 
siderable proi>ortion  of  the  fatalities  under  chloroform  occur  early  in 
the  ansesthesia,  often  before  the  operation  has  been  begim,  and  these 
have  generally  been  regarded  by  antesthetists  as  due  to  a  reflex  arrest 
of  the  iieart.  This  has  been  disputed  by  experimental  investigators, 
and,  us  in  these  accidents  it  is  impossible  to  make  exact  observations, 
owing  to  the  necessity  for  prompt  measures  for  resuscitation,  it  has 
often  been  denied  that  fatalities  occur  from  this  cause.  The  subject  has 
recently  l>een  the  subject  of  j>rolonged  research  by  Embley,  who  has 
triumphantly  vindicated  the  position  of  the  practical  anaesthetists  by 
showing  that  fatal  arrest  of  the  heart  may  occur  in  early  chloroform 
ana?sthesia  through  excessive  inhibitory  action  upt)n  the  weakened 
heart.  This  danger  does  not  seem  to  be  caused  by  ether  to  the  same 
extent,  and  this  is  in  accordance  with  its  much  weaker  effects  on  the 
heart.     These  early  fatalities  in  chloroform  amesthesia  are  due  in  part 

■  (Jnrlt's  careful  utiitisiirs  of  330,000  cases  of  ano^thcsia  gave  a  mortality  of  1  m 
2,000  for  chlorufonn  and  1  in  5,000  for  etiicr,  but  these  both  seem  unusually  high. 
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llfti*<iiloMromi  already  absorbed,  in   jmrt  to  reflexes  ariHing  from  its 
irritant  action  and  fmm  the  excitement  and  struggling. 

Rul  fatal  aiM^identj*  may  nreiir  in  anfestliPKia  fmm  cLlorofoni)  or 
eliier.  liy  the  actiun  on  the  org;ins  after  tbe  dan^^-r  of  reflexes  lias  dis- 
ipptareil,  frftni  the  depression  of  the  central  nervous  system.  The 
M]ilaiuiti(»n  of  these  fatalities  has  l)een  much  disputed*  the  view  bav- 
inj:  prevailed  formerly  that  while  ether  {laralyzed  the  rei^piration  witli- 
oii:  "  :  ■  the  heart,  chloroform  actc<l  first  on  the  heart  and  para- 
Ivy  .  '■  the  rej^pirat-tiry  centre.  In  1 880  some  criticif^ms  by  the  Imu- 

rrffit  tfac  resulti^  of  experiments  in  Hyderabad  le<l  the  Nizam  (Prince) 
of  tbiil  province  to  appoint  a  commLssiou,  including  Sir  louder  Bmn- 

Fio.  11. 


.    ..r'-^-'^m 


X 


T*wlftf»«f  IhcbUmd-ffrawnrr*  f  upper ^  Bail  of  tlie  rv^plntton  (lower)  oftht!  rat  In  Uie  IrhI  tlaco  of 

^Aatuwtfii —    ' --  •'■<:•    — -;.lr«Uon      At  .V  tbe  ptlirr  wbb  shut  nfT,  and  at />  artlQclal  rmpln- 

1feta*«>«.  tU«  r<'»t<irAl'>ry  iraclnifi  aflcr  I>  are  due  to  tho  artkliolat  renfilra- 

AiB.   T1«!  ter  llto  failuri>  of  the  respiratiou.     Thv  |>uI><jiI1uiib  lourpoMt  iu 

•iM.iMbut>.  ui.  Ml  '•',i^r'  I. Mi-ugUi  of  iho  lit-art,  tiut  frnmtliu*luwij«a»  urilti>  Unit,  which  gtru 

BM  JW Ifer  artcrtM  lu  oinpt y  thoaitelvo  betwccu  vach  pul»e. 

too,  to  investigate  the  question,  ami  after  experimenting  on  over  600 
k,  thiM  commitisiou  came  to  the  conclusion  that  death  during 
orofiirm  inhulatiitn  is  always  due  to  arrest  of  the  re3]»iration.  This 
iion  ha^H  btt-n  ?<ubjct'tctl  to  mucli  criticism,  x\\\k\  tliere  is  no  t|ueslion 
Uial  dii;  nllfnitiiiu?*  in  the  cin^dation  prtMluced  by  chlornforni  were  nnt 
pwjvrly  appreriuted,  or,  at  any  rate,  were  not  sutliciently  enipliasizud 
iksi  report.  The  eonditiou  "when  tbe  breathing  fails  during  deep 
varies  with  the  concentration  of  the  vtHK>r.  If  very  dilute 
omforiu  i»r  clhcr  Ik*  iubalcti,  the  rcspiratitui  always  ce:ises  yeveral 
^ioqtc^t  Ijcforv  the  heart,  which  continuea  to  bt^at  fairly  strongly  at 
but  rapitlly  becomes  weaker.  If  more  conoentruted  va^ior  be 
the  respiration  ag:iiu  ceases  before  the  heart,  which  is,  however, 
AQcli  wcakeneil  ami  cnmes  t«»  a  standstill  after  a  short  interval;  and 
*  Ae  concentration  is  increaisetl,  the  weakness  (if  the  heart,  at  the  mo- 
Bwrt  when  the  inspiration  tails,  alst>  increases,  and  the  interval  between 
tl»»  arresrt  <»f  the  respiration  and  of  the  heart-beat  becijraea  shorter, 
Fiittlly,  when  air  siitunited  with  vapor  is  inhaled,  the  interval  between 
the  tvo  bi  !<4>  short  as  to  be  iuappivciable  (Fig.  12).  When  oouireu- 
teiled  vapor  of  either  chlontform  or  ether  is  inhaled,  the  pulse  may 
t*  M  weak  as  to  be  no  longer  perceptible  before  the  respiration 
««"«,  and  the  nnsBsthelist,  thereiorc,  believes  that  heart  iailure  baa 
muae  of  death,  but  if  tlie  movements  of  the  heart  be  regis- 
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tered  directly,  it  is  found  beating  as  long  as  the  respiratory  movements 
are  carried  on.  The  importance  of  the  condition  of  the  heart  is  fuN 
ther  shown  by  the  results  of  attempts  to  resuscitate  the  animal  after 
the  respiration  has  ceased  ;  for  if  artificial  respiration  be  commenced  at 
once,  the  animal  can  invariably  be  restored  to  life,  provided  the  heart 
has  not  been  weakened  too  much ;   but  if  concentrated  vapors  have 

Fig.  12, 


Dingram  representing  the  state  of  the  heart  at  the  failure  of  resplratloD  from  an  aoKsthettc  (ohlore- 
foriu  or  ether).  A  represeut!)  the  rospirstory  movements,  which  cease  rerj  earlr  in  the  tractoi  B 
the  pulsations  of  the  heart  at  this  point  If  the  aniesthetic  vapor  has  been  much  dUnted  wiUi  air  (Jif 
it  is  of  luciiium  strength,  i>  if  very  concentrated,  and  E  if  satunUed,  The  heart  puUatloiu  an  reeorded 
by  the  mercury  manometer. 

been  inhaled,  the  heart  is  unable  to  carry  on  the  circulation,  and  the 
animal  cannot  be  resuscitated. 

Hill  has  recently  pointed  out  that  the  failure  of  the  respiration  may 
be  caused  in  part  by  the  ansemia  of  the  central  nervous  system  from 
the  fall  in  blood-pressure.  The  weakness  of  the  heart  induced  by  chloro- 
form is  therefore  fraught  with  double  danger,  for  not  only  is  the  circu- 
lation imperiled  by  it  but  the  respiration  is  indirectly  weakened. 

From  a  practical  point  of  view,  it  is  of  comparatively  little  impor- 
tance whether  there  are  a  few  fluttering  beats  of  the  heart  after  the 
last  inspiration  or  not.  The  all-important  question  is  whether  the 
heart  has  been  so  injured  as  to  be  unable  to  carry  on  the  circulation, 
and  this  is  decided  by  the  concentration  of  the  vapor  that  has  been  In- 
haled. It  has  been  mentioned  already  that  ether  acts  very  much  leas 
on  the  heart  than  chloroform,  and  this  is  really  the  reason  why  ether 
is  so  much  the  safer  ansesthetic.  Even  when  dilute  vapor  of  chloro- 
form is  inhaled,  the  heart  is  considerably  injured  when  the  respiration 
ceases,  while  unless  very  concentrated  ether  fumes  be  inhaled,  the 
weakness  of  the  heart  is  very  much  less.  In  the  inhibitory  cardiac 
arrest  also  the  concentration  in  which  the  chloroform  has  been  inhaled 
is  the  all-important  factor,  for  if  the  heart  has  been  seriously  damaged 
the  arrest  is  final,  while  when  less  concentrated  vapor  has  been  used 
the  heart  overcomes  the  inhibition  and  resumes  its  contractions. 

The  autopsy  in  cases  of  death  by  chloroform  or  ether  shows  no  spe- 
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Ic^ioHB.     The  blood  ih  o{len  dark  colored  from  the  anpliyxia,  and 
liwirl  iH  found  dilated.     Trrilatii>i»  of  iIip  n'spinitory  passiij^t'S  may 
,  be  pnsi'nt  in  »»th(.*r  pitisoninj;,  mid  the  od<ir  of  tlio  ana^sthctie  may  be 
■iK*«^uizcd    in    the   dillbront   organs.     Mi('p>!4cropic   examinatuMi  may 
Blow  some  alterations  in  the  cells  of  the  respiratory  centre  and  cardiac 
ftanglia,  fragmentation  of  the  heart  muflole,  and  8onie  degeneration  of 
Br*  livcT,  kidneys,  spleen  and  heart  after  ehlondorm  (Forosehin). 
W     Apparatus  and  Principles. — The  principles  on  whieh  the  safe  pro- 
ductlim  of  aniesthesia  ia  based,  then,  are  comparatively  simple,  but 
aeir  intorpretatiou  into  practice  lias  ^ven  rise  to  various  [uethods. 
lar>jo  number  of  inhalers   have   been   introduced   with  the  olyect 
f  [wTmitting  of  only  a  certain  degree  of  concentration  of  the  vji|M)rs. 
tut  the  great  majority  of  these  are  entirely  erroneous  in  prlneiple, 
lit'  is)ncentration  of  the  vapor  Ix^injij  determined    by   the  character 
f  the  respiration  of  the  patient,  and  the  number  of  accidents  has  not 
Hwn  appre<Mubiy  reduced   by  their  use.     In  one  of  those,  the  amount 
of  oxygen  available  for  respinition  wius  found  to  be  reduced  to  5  per 
rrat.,  wiule  lite  curlnjuic  acid  Inui  risen  to  7.8  j>er  cent,  after  two  min- 
Qlea'  respiration.     This  mi.xture  of  ga^es  is  insufficient  to  supp<»rt  the 
conilmjflion  of  a  candle,  and  is  very  near  that  which  is  inimediutely 
filial  to  luiimal  life.     In  another  the  concentration  of  the  vapor  was 
G«iml  to   var>'   l>etwecn    1.2    and    1*>.4   V4>lumes    per  cent.     Several 
S|i|unitusej»  have  nxicntly  Wen  e<^inHtrueted  on  cornrt  prinei[»les,  which 
ill'w  of  an  exact  gradation   In   the  strength  of  the  vap(>r  inluiliMl,  but 
thfv  are  exeee«lingly  cnmbruns,  and  while  they  might  be  used  in  hospi- 
tals are  certainly  not  available  fitr  ordinary*  practice.     The  advantage  of 
^o'"  |trincip!c  of  mca>uring  the  conctntrullun  of  the  vapoi-s   Is  fnrtlier 
^\\'  n*lative,   for  it  has    l>een    shown    that   vapors  so  dilute  as   to 
"c  ulnjlutely   safe    do    not    induce    ann?sthesia   within  a  rtnisonable 
t'Dic.    Thus   1    per   cent,  chloroform   seems    to    l>e    absolutely   safe, 
Wt  no  Eurgeou   will   wait  J-|   hr.  for  the  amcsthctist.     To  induce 
""^asthesia,  therefore,  vap*jrs  have  to  be  used,  which   would  in   time 
w  liital,  and    only    after    the    reflexes    disapjiear,   is    it    possible    to 
'"W  the   ooneenlralion    to    the    point   of    absolute   safety.      The 
'Hpoifc-ibility  of  the  annisthetist  is,   therefore,   lessened,   but  by  no 
•^08  entirely  removed   by  these  methods.     In  the  vast  majority  of 
**s,  however,  muoh  simpler  apparatus  is  used,  and  the  onlinary  mask 
•^nowel  on   which  the  anffisthetic  is  pnure<l  is  not  responsible  for  a 
'"^  pnipi»rtiou  of  accidents  than  (he  more  comi)licated  forms  of  ap- 
Pi'fuiite,     When  no  inhaler  is  used,  the  anresthetist  attempts  to  regtdate 
j*corn*utralion  of  the  vapor  uccordiug  to  the  symptoms,  and  this  can 
^\my  with  complete  success  by  watching  the  respiration  cinscly.     If 
Hie  breathing  Vm*  shallow,  much  less  concentrated  vapiir  is  inhaled  into 
">f  alveoli  than  if  it  be  deep  and  gasping,  for  in  onlinary  respiration 
'ufairin  the  smaller  bronchioles  and  alveoli  is  not  exchanged  directly 
""Titli  (fvi'fv   respiration,  but  only  by  a   prowss  <if  diffusion  frnrn  the 
'■'^•r.iir  passages.      The  deeper  the  respiration,  however,  the  further 
tloes  the  \-ajior   p*»netrate  and   the  lower  the  wmcentration  needed  to 
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cbiiut^v  thf  <|Uiintity  in  the  blooJ.  An  oxi>erieiiced  anIF«^tht(ist^  U 
watching  the  respiration,  removing  the  ma.sK  iluring  deep  hrfuUmij; 
ami  repluctng  it  when  it  becomes  steady,  can  regulate  willi  siitll-ini! 
nicety  the  (x»ncentration  of  the  amesthetic  in  the  alveoli  and  (In  aL. 
the  quantity  in  the  blood.  AVhen  amcathesia  has  t>een  attained,  lie  of 
course  ceases  tlie  admiuistratiou  until  the  return  of  the  reflexes  iadicaiff 
awakeniug  consciousni^s,  and  even  tlien  applies  much  smaller  quantitiw 
than  were  necessary  at  first.  This  method  of  inducing  anie9th<  - 
quires  the  aniesthetist  to  watch  only  the  respiration  and  the  i 
and  is  that  advised  by  Simpson  and  his  followers  (s(»e  Hyderj»ba<l  <_  i 
mission  lieport).  A  further  safeguai-d  has  been  sought  for  in  Uk'  o>u- 
dition  of  the  pulse,  and  this  would  seem  the  natural  oonsequeaceof 
what  has  been  stated  abi>ve  as  to  the  importance  of  the  conilition  of 
the  lie:irl.  The  pulse,  however,  is  not  very  reliable  its  a  guide  in 
anaesthesia,  for  in  the  second  stage,  in  which  a  certain  number  uffaul- 
ities  occur,  it  is  quickeued  by  the  excitement  and  may  be  irregular, and 
only  gives  indications  of  danger  when  it  is  too  late  to  take  measures  ti) 
prevent  it.  In  the  third  stage  it  may  becx>me  gradually  weaker,  auJ 
thus  indicate  approaching  danger,  but  if  the  respiration  be  watcW 
the  warning  ia  given  earlier.  A  large  number  of  ana33thetistg  advice, 
however,  that  pulse  and  respiration  both  be  watehe<l,  and  this  would 
seem  to  be  the  safest  method,  provided  always  that  the  ampsthrti:*tte 
not  depend  on  the  pulse  too  much  for  indications  of  danger,  and  d"**^ 
not  allow  it  to  distniet  his  attention  fnim  the  more  important  indica- 
tions given  by  the  respiration. 

Preliminary  Examination.  —  Before  ansesthesia,  a  carefiil  examinntion 
sliould  be  ni.uli'  of  ihc  condition  of  the  jKitient,  and  if  rh«Tp  is  gr(*i»* 
anxiety  and  excitement,  a  hy|>i>(h'rmie  injection  of  morphine  may** 
given  beforehand,  or  chloral  may  l>e  preaeril>c<l,  but  these  are  rarelf 
necessary.     Valvular  disease  of  the  heart  does  not  coutruindicate  *° 
antesthetic  unless  there  are  marked  symptoms  of  inefficiency,  such  ^ 
dropsy  or  oedema.     In  fatty  disease  of  the  heart,  on  the  other  han«T 
chloroform  is  to  be  avoided,  ami  if  it  seems  extensive,  ether  is  n^^ 
dangerous  from  the  strain  put  on  the  circulation  during  the  excitcme«^^ 
Chloroform  is  liable  to  induce  fatty  degeneration  of  the  heart,  and  C"^^ 
this  reason  it  would  not  seem  advisable  to  use  it  in  successive  o|K;ratio** 
on  the  Hiime  jkationt.     AthiTomiitous  arteries  are  dangerous  from  t  ■** 
tcnilencv  to  ajjoplexy  during  the  second  stage  also,  and  if  amesthe^ 
is  alwolutely  necessary,  an  opiate  ought  to  l)e  given  previously.    Aui^^ 
thesia  is  said  to  be  dangerous  in  cases  of  brain  tumor,  and  this  ms^ 
possibly  arise  from  the  fragility  of  the  vessels.     In  cases  of  brtmehit: 
and  catardi  of  tlie  air  passages,  chloroform  is  to  be  preferred  to  eth^ 
as  it  is  less  irritjitlng,  while  iu  Briglit's  disease  chloroform  is  gcneralf  ^ 
more  injurious  than  ether  from  the  resultant  albuminuria  and  tendenc  J 
to  fatty  degeneration,  although  ether  is  also  believed  by  many  to  disturb 
the  rt'nal   fuiu^tioiis.      Advanced   diabetes  contraindicates  anRStbesi^ 
the  sugar  increasing  in  the  urine  afterwards  and  coma  and  deatli  some^ 
times  supervening  in  the  course  of  a  few  days.    Da  Costa  recommends 


lat  whero  tliere  an?  Hymptonw  of  anaemia,  an  examination  of  the  blood 
lould  bo  nmdc  bef<>re  ann.'stliosia,  and  Btates  that  where  the  hremo- 
oWin  i*  found  to  be  deficient,  great  care  is  neceiiBary  and  that  where 
L  \&  lower  than  oO  per  cent,  of  the  normal,  an  auiesthetic  is  contra- 
iodieuteil. 

Practical  Anasthesia.  —  The  patient  should  have  a  light,  easily  di- 

prsUril  meal  '2—4  hours  before^  m  that  the  stonmeh  may  be  empty  and 

vomiting  avoided  as  far  as  possible.     The  bowels  should  also  be  rogu- 

lited  the  day  before  for  the  same  reason.      He  should  thon  be  laid  on 

atnbleof  liuitable  height  with  a  low  pillow,  and  should  remove  fuliie 

teeth  and  any  other  foreign  object  fn»m  the  mouth.      The  clothing 

aluHil  the  neek,  cheat  and  abdomen  is  to  be  loonened  or  rem<»ved  to 

allow  of  |KM*fectly  free  respiration,  but  warm  blanketf^  or  warm  bottles 

sbunlii  be  applied  as  far  as  possible  to  prevent  the  fall  of  temperature 

if  the  o]>eration  is  likely  to  be  a  long  one.     The  eyes  are  close<l  in 

onler  to  protect  the  conjunctiva   from   the    irritating   vapor.      The 

■     'io  ifi  then  applied  on  a  towel  or  on  a  mask,  which  ought  to 

;  permeable  by  the  air,  and  ought  not  to  tit  closely  to  the  (aee, 

h  muffii  be  remembered  that  the  air  ])asses  through  cloth  with  much 

git^tt^r  diniculty  when  it  is  wet  by  the  wiliva  and  mucuSj  and  that  a 

ma^k  uhich  is  freely  permeable  at  the  commencement  of  an  operation, 

ffiiiy  Irad  to  asphyxia  after  it  has  been  soaked  during  the  first  and 

■wi-ond  Htages.     The  patient   is  instnictetl  to  breathe  as  regularly  as 

p*eible,  or  to  count  from  one  upwards,  and  some  of  the  anwstlietio  is 

3p»PI>w1  on  the  mask.     If  the  breath  be  lieM^  the  miisk  should  be 

fij-nl  1  little  from  the  face,  as  the  next  inspiration  will  be  a  very  deep 

'>o<*.    During  the  excitement  stage  the  re.^piratinn  i:^  irregular,  and 

pwi  care  must  be  taken  to  avoid  the  inhalation  of  too  concentrated 

^»por.    As  soon  as  the  conjunctival  reflex  disappears,  the  mask  is  re- 

"■nvcd,  and  is  replaced  only  when  it  reappears  or  when  the  ]>atient 

^lOfles  sign?  of  (xiin.     Tliroughout  the  aniesthesia,  care  must  be  taken 

Ir-jiK-rcnt  any  interference  with  the  respiration  by  the  operator  lean- 

li^emi  the  thorax  or  abdomen.      Very  often  stertorous  respiration  sets 

iiifriMM  the  tongue  falling  back  into  the  throat,  and  this  has  to  be 

^inedierl  by  pressing  forward  the  angle  of  the  j;nv,  or  if  this  is  not 

*ufaciciii,  by  pidling   out   the   tongue   with  a  bU]nt-poinl4?d  forceps. 

Vomiting  it*  a  very  common  occurrence  in  nniestiiesia,  and  whon  it  sets 

"'i  the  head  is  turned  tt»  one  side  and   the  vomited  mutter  removed 

*'lh  a  sponge. 

•^  inoro  s<^rious  accident  is  the  failure  of  the  respiration.  A  reflex 
*fittt  often  owurs  in  the  first  stage,  but  is  not  of  importance  in  itself, 
'Woiily  from  the  deep  gasping  inspiration  which  fliilnws  it.  If  the 
*|ii»stlietie  be  given  too  long  in  coucentrattid  form,  however,  the  res- 
^iim  &ib  from  direct  action  on  the  c^^ntre,  and  this  demands  im- 
"ittliatr  attention.  The  head  ouglit  to  bi-  hnvereil  at  once,  arnl  the 
wr  limbs  elevated,  in  order  to  drive  the  bloiMl  to  the  head  as  lar  as 
I'^iUeand  thus  reme<ly  theamemtuof  the  l)raiii  from  the  weakness  of 
t'^hi'art  that  accompanies  the  cessation  of  the  respiration.     The  epi- 
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gluttis  must  be  raised  by  prepsiofif  forwaitl  tbc  ungl»'s  of  the  juw  (Ilan), 
(>r  by  <b-.i)^^iug  fonvanl  the  l>ase  of  the  ttnipiie  with  ht>ok  or  fiiiyir, 
Artificial  re^piitition  in  oue  or  other  form  tmjrbt  to  be  eorometir<'(l  al 
once,  and  i-jirrietl  on  as  lonp  as  is  ntXH^sary  ;  u  largo  number  of  nielliml'* 
of  pcrforniinp  artifieial   rcsjiiration   have  be<*n  propiMie*!,  but  thev  ciin 
only  Ix*  taught  iu  a  practical  cla.s-i  and  need  n<»t  Ik.'  entcretl  tijMni  Iit'it.' 
If  the  pulse  is  weak,  intermittent  pressure  over  the  heart  may  aid  it  In 
earryiiij»  on  the  circulation,  and  it  has  been  prouosed  to  pa*?  one  ba"'^ 
up  under  tlie  ribs,  and  then  press  the  heart  between  the  two  hands  and 
aid  it  in  ox[)ellini^  its  contents.      If  the  heart  stops  at  t)ii.s  stage,  there 
is  little  hope  of  reviving   the  patient,   although    this    can  often     ^ 
done  in  animals  by  kucadtng  the  heart  Ixftween  the  two  hands.    Various 
drugs  have  beeu  recommended  in  these  cases,  but  it  is  exceedingi  V 
questionable  whether  they  are  really  of  service  ;  alcohol,  ammonia  aii«^** 
ether  have  been  injected  subcutaneously,  and  may  conceivably  pause  sucl^ 
local  irritation  ;is  fo  reinstate  the  respinition  reflexly,  although  this  i* 
improbable.    Stryclmlue,  caffeine  and  atropine  liave  been  injected  as  res- 
piratory stimulants,  and  digitalis  to  strengthen  the  heart  contraation  ;as 
a  matter  of  fact,  however,  if  the  circulation  is  strong  enough  to  cause  the 
absorptitm  of  these  drugs  and  carry  Lhem  to  the  respiratory  centre  ami 
the  heart,  the  patient  will  recover  with  the  artificial  respiration  aloue, 
while  on  the  other  hand,  they  are  of  no  value  unless  absorbed.     Nitrite 
of  amyl  is  often  given  by  inhalation  in  cases  of  accident,  but  the  bltHHU 
pressure  is  so  low  already  that  there  really  seems  no  advantage  iu  re- 
ducing il  further,  and  amyl  nitrite  can  have  no  other  action. 

Sudden  arrest  of  the  heart  is  the  most  dangerous  accident  of  anips- 
the^ia,  and,  as  ^2ulbley  has  shown,  is  due  to  uihibiton»'  stimulation  act- 
ing on  the  wi'akeneil  heart.  The  trratment  consists  in  inversion,  arti- 
ficial respiration,  and  miusstige  of  the  hriirt.  Atropine  should  Iw 
injected  in  order  to  paralyze  llie  inhibitory  meehani.-m,  and  in  view  of 
the  arrest  of  the  cireulation  it  might  \>c  thrown  into  the  heart  directly 
by  mcaui^  of  a  long  hypitdenuic  needle. 

In  the  course  of  very  h)ng  ojierationa  it  is  recommende<l  to  allow 
the  patient  to  almost  recover  consciousness  at  intervals,  l)ut  this  is  often 
impossible  \Vithout  interfering  with  the  course  of  the  o|>eration.  It 
must  \w  remembered  that  in  prolonged  anaesthesia  comparatively  small 
quantities  ai^  required  to  maintain  unconsciousness  when  it  is  once 
completely  reache<I,  and  at  the  same  time  that,  ()wing  to  the  fall  of  tem- 
perature and  thu  prolonged  action  of  the  drug,  the  quantity  necessary 
to  prtxluce  ct^sation  of  the  respiration  and  the  heart  is  much  smaller 
than  during  shorter  0|K'rations.  In  order  to  induce  anccsthesia  withLn 
a  reasi.>nable  time,  cortiparatively  strong  vapor  may  be  used  at  first, 
but  as  soon  as  nncons(;iousnes.s  is  reaehcd,  the  vapor  ought  to  be  diluted 
as  far  as  is  com|>atible  with  the  continuation  of  the  narcosis. 

On  the  completion  of  tln^  i»peration,  the  ])atient  S4*hh)m  rfquires  fur- 
ther attention  from  the  anicslhelist ;  after  prolonged  amesthesia  heat 

'  For  a  (Mimimriwtn  of  ilie  ofliai*  y  of  dilTerenl  foriiia  itee  ScAUfcTf  Mtxlico-Chirut^ical 
TraoKicUoni*,  vol.  liixvi.,  sitpplcinenl,  11*04. 
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may  he  appliecl  by  warm  iMittles,  etc,  as  the  temperature  often  eontinues 

I  for  irt>me  tirac  after  tiif  administration  of  the  «lruj|»  ha^  ceaswi.    If 

iting  persists  afu-r  the  reeovorv  of  consciousness,  ico  may  \k  sucked, 

bismuth  may  he  prescribed.     The  inhalation  of  vinegar  has  been 

mended  and  relief  is  sometimes  given  by  lavage  of  the  stomach. 

Thi*  |iatirnt  whould  always  be  placefl  in  the  recuml>eut  p<»sition  when 

Its  tHherwiso  the  weakened  heart  ten<l8  to  drive  the  bhwd  in  the 

1  of  least  resistance,  that  is,  downwards,  and  in  the  depressed 

iMJitiun  of  the  va^o-motor  centre,  this  is  not  connteraote<l  by  the  con- 

tion  of  the  arterioles  of  the  abdomen,  and  aniemia  of  the  braiu  and 

rnmiM'  are  liable  to  rc.'sult.    The  operation  ought  not  to  be  commenced 

nlil  jnuestlK>sia  is  complete  ;  otherwise  reflex  iuliibition  of  the  heart  <»r 

i*«ck  may  n*->ult  and  lead  to  fatal  r*?8ults. 

Various  drugs  have  been  advise<l  as  preliminaries  to  anic^thofiia, 

netally  with  the  object  of  preventing  the  reflex  arrest  of  the  rospira- 

•a  aiwl   laiirt.      Thus  atropine   and   i^pnrteine  have  Iwen   pn»|Mtsed   to 

yze  the  vaijnis,  and   to  arrest  the  moirous  secretion  and  vtmiiting, 

upmyin;;  of  the  nose  with  ci.»caine  has  recently  l.»een  ndviseil  to  jmr- 

ilvn  the  ^eusorv-  termiuationf^  ami  so  prevent  the  irritation  which  sets 

up  (Ite  n'flexes.     It  has  lx*n   pn.>|M.ised  to  dilute  ether  or  chloroform 

Tai«r  with  oxygen  instead  of  air,  but  there  seems  no  theoretical  reason 

wty  this  shituKI  have  any  advantages,  and  in  pnictici?  it  has  iwtni  used 

in  Iw  limited  a  Dumber  of  eases  to  allow  of  trustiAorlhy  inferences, 

laonler  lo  avoid  the  unpleasant  suflTocjiting  effects  of  ether  and  to  j»er- 

antnf  less  coneenlratetl  va|H>r  l)eing  used,  the  injection  uf  (1.01— i).02  G. 

{J-JpT-^of  morphine  has  been  advocated  as  a  preliniinarir' to  ether 

itwia,  and  this  him  become  a   routine  proctnlure  in  some  clinics 

Vhich   Siiti.^factorv    re>ulta  are   recorded.      In   others  s*ime   less 

anaesthetic,  such  as  nitrons  oxide  or  ethyl  chloride,  is  used 

thoia,  which  is  afterwards  maintaineil  by  ether. 

rs  a  giKxl  deal  of  interest  has  l>een  excite<l  by  the  dis- 

*wvpTy  that  the  perils  of  aniesthosia  are  not  over  when  consciousness 

rvturns,  but  that   fatal   consequences  may  follow  several  days  later. 

TVse  late  fatalities  art?  due  to  fatty  degeneraticm  of  the  heart  and 

or  to  diabetic  coma  in  the  case  of  chloroform,  to  bronchitis, 

tiMlrma  and  pneumonia  after  ether.     No  reliable  data  are 

yH  nvailiiblc  jis  to  the  fretjucncy  of  these  sequela;,  as  it  is  very  difli- 

oill  to  distinguish  between  the  results  of  the  anrcsthetic  and  the  ordi- 

■wy  fiirms  of  disease.     Even  the  pn»|M»rtion  of  cases  in  which  albumi- 

Bam  m-urs  after  chloroform  seems  to  vary  remarkably  in  different 

komitids  for  it  is  given  as  low  as  5  per  cent,  by  some  authors  and  us 

bi^  u  30  per  cent,  by  others  ;  this  may  perhaps  be  explained  by  differ- 

«Kt»in  the  dumtion  of  the  aniesthesia.    The  irritant  effects  of  ether  and 

thpfitlalityto  pidmonary  affections  afterwards  have  l>een  si»  evident  that 

'  've  returne*l  to  the  use  of  chloroform,  believing  that 

N  ether  claimed  as  high  a  proportion  of  victin)s  as  the 

•ow  immediate  effi«ta  of  chloroform.     Dreser  has  shown,  however, 

4u  the  irritant  action  of  ether  and   its  consequent  dangers  may  \ie 

mf^i  avoided  by  the  use  of  dilute  vapor. 
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Therapeutic  Uses.  —  Antesthesia  is  generally  induced  for  tho  purpot 
of  surgical  oponitions  and  exuminations,  and  in  labor.  Until  rwrt-i 
years,  when  it  was  uoccssary  to  perform  an  opciiition  or  iimnipnlalig 
involving  much  pain,  the  surgeon  had  to  consider  only  ivhich  of  ih 
two  genenil  ausesthetics  waa  the  better  adajited  to  the  case.  Bat  t!i 
improvements  introduced  in  the  methods  of  indueing  local  anaathcfiii 
and  the  rointrodiiction  of  nitrouH  oxide  as  a  surgical  an:estbe(io  hvr\ 
now  enlarged  his  iield  of  choice,  and  the  further  question  has  to  beiiM 
whether  unconsciousness  is  desirable,  or  whether  the  necessities  of  tb 
case  may  not  he  met  l»y  panilyzing  sensation  at  tho  sejit  of  opcratlo 
only.  The  advantages  claimed  for  local  anicsthesia  will  Ik?  didcusse 
under  cocaine,  but  the  general  conditiouK  in  which  chlorofonu  no 
ether  are  to  i)e  preferred  may  be  stated  .shortly  (see  also  nitrous  oxide 
General  aniesthesia  is  abstjlutely  essential  where  complete  relaxation  a 
the  muscles  is  desiretl,  and  where  the  movements  of  the  patient  DM 
imperil  the  success  of  the  operation.  Operations  on  tl»e  abdomiw 
organs  and  around  joints  ami  such  others  as  involve  wide  an*!  dee 
incisions  will  almost  cerl;iinly  continue  to  be  performed  under  ohlorc 
form  or  ether,  ahiiough  a  few  such  o|>crations  have  been  atterapie 
under  cocaine.  In  many  less  serious  operations  it  is  necessary  also  I 
have  recourse  lo  the  oUler  methods,  which  allow  greater  freedom  to  tb 
8urgix)n,  who  is  under  no  ap|irehension  that  he  may  reach  a  sensitiv 
area  and  has  thus  one  les.-*  source  of  anxiety  than  if  the  antesthesia  wei 
localized.  Anotlier  alignment  for  the  use  of  general  ana^i^thetics  is  (h 
ctlcct  which  the  tinxiety  and  the  sights  and  s«)nnds  of  the  oi.icratira 
room  may  have  ou  a  nervous  patient  even  when  no  actual  pain  is  fel 
And  a  considerable  amount  of  practice  is  required  before  complete  loca 
anaisthesia  can  be  induce*!  over  an  extensive  field  of  operation,  whil 
the  surgeon  has  often  to  interrupt  his  raanipuhitions  in  order  to  adn 
of  a  i'resh  aira  being  rendered  analgesic.  But  there  is  no  question  tlu 
many  operations  in  which  ether  or  chloroform  has  hitherto  \i^ 
employed,  will  in  the  future  be  performed  more  often  under  local  aa* 
thesia  or  nitrous  oxide.  Tn  this  class  may  be  included  most  mio' 
operations  in  which  only  very  short  or  partial  amesthesia  is  necessft 
and  in  which  no  complications  are  to  be  anticipated. 

During  labor  only  the  lighter  degrt^es  of  ameathesia  are  neecssft' 
the  object  being  to  dull  the  pain  without  lessening  to  any  marl* 
extent  the  reflex  irritability  of  the  spinal  eoi"d,  and  accidents  * 
extremely  rare  in  tliis  use  of  amesthetics,  although  the  common  st^ 
ment  that  tliey  are  unknown  is  inconxjct.  8orae  cases  have  h^ 
recorded  in  which  it  is  believed  that  chloroform  was  fatal  to  the  obi 
and  not  to  the  mother,  but  it  is,  of  course,  impossible  to  state  with  o* 
tainty  that  the  amesthetic  was  the  cause  of  death.  If  t(Hi  deep  anrt 
thesia  is  produced,  however,  it  is  quite  conceivable  that  the  lab* 
may  l)e  prolongtnl^  or  the  bliMid-pressure  so  reduced  as  to  lead 
an  imperfect  exchange  of  gases  in  the  placenta  and  thus  to  tl 
death  of  the  infant;  or  as  another  explanation  it  might  be  su| 
gested  that  the  irritalnlity  of  the  respiratory  centre  of  the  child  mi 
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BO  reciuoed  that  it  fails  to  i*eact  when  tlie  placental  circulation  is 
nternipicil. 

Aniesthotioft  are  also  employed  in  cases  of  extreme  irritability  of  the 
central  nervous  system,  aa  iu  strychnine  poisonings  telanu.s  or  otiier  con- 
vuUive  affections.    In  order  to  reduce  these,  it  is  uniiccestiury  to  produce 
(Ittjp  aniesthesit^  a  few  wluffrt  of  chloroform   being  generally  sufficient 
U)  produce  quiet,  oAen   without  affecting   the   conscioufinesB   to  any 
marked  extent.     In  cases  of  verj'  acute  pain,  chloroform  or  ether  may 
be  used,  but  aa  a  general  rule  morphine  or  opium  in  preferable,  as  the 
K\m  lasts  much  longer  and  the  administration  is  much  more  con- 
\eawn\. 

During  the  stage  of  excitement  of  anresthesia,  the  dreams  of  the 
patifnl  Bomotiraes  assume  an  erotic  character,  and  charges  nf  criminal 
asisault  have  been  repeatedly  brought  against  surgeons  by  women  whom 
liiey  liail  ausestbetized.  It  is,  therefore,  advisable  to  give  chloroform 
to  wuinen  only  in  the  presence  of  a  third  person. 

The  Ittcal  action  of  chloroform  and  ether  on  the  stomach  and  skin 
i»  entirely  independent  of  the  action  as  anaesthetics,  and  has  to  be 
discuaawl  separately  (see  page  ISl). 

PREPARATION'S. 

r.  8.  P.— Chloeoformum,  u  litjuid  coutainiug  99-99.4 J6  by  weight  of 
■Mm*' chloroform  (CHClj)  and  06-1;^  of  alcohol. 

■t'TiiEK.  ether,  n  liquid  comfKwwHi  of  :ilKnit  (H'l^  hy  weiprht  of  absolute  ether 
'*ftbv|  oxide  ((C'^Hj),!.))  and  .iImiui  4'r  of  :iKol)ol  mntiiinin^'  ii  little  water. 

•J^Tuvi.t*  CHU>Bir>t'M,  pthvl  chlnride  (CjUjCl),  an  extremulv  volatile  liquid 
^"igJit  12.5-l.r  C.  (al«)ut  55°  F.). 

B.  P.— Chloroformum,  ohloroform  (CHCI^),  must  have  a  specific  gravity 
or  1.4«0-1.4lt5,  ihat  is,  must  contAiii  99  per  cent,  of  absolute  chlorofonn. 

*^',  ttber,  or  sulphuric  ether,  a  volatile  liquid  prepared  from  alcohol 
•"il oi»ntaiiilug  not  le&i  Uian  Q2'Jk  by  volume  of  pure  ether  or  ethyl  oxide 

i'.  PnaiFlCA'rvs,  ether  freed  from  most  of  the  alcohol  or  water,  and 

'|-'J.722  Bjierific  gravity. 

Ctiorofomi  is  onlinarily  formed  by  the  action  of  ohlorine  on  alcohol,  the 

**t'hno  being  oddeil  in  the  form  of  ehlorinatod  lime.     The  erude  dmg  is 

l^rifiM  hv  repeated  washing  with  water  and  sulplmrii.'  acid,  and  dried  over 

^wiirn  chloride.     The  fatalities    following   its    use    have    frequently  been 

V«l  to  impurities,  and  a  rerlain  demand  ha.s  arisen  for  a  purer  nrtie.le 

that  required  by  the  pharmacoproias.      Another  method  of  preparation 

tliorefore  been  introduced,  the  decomposition  of  ehlorul  by  Moda  (Chloro- 

'*i>um  r  Chloral  pnrpartitum).     Other  pure  forms  are   preparetl  from  ordi- 

"'fy  chlorofonn  by  crystallizing  it  by  cold  (Plotet),  or  by  forming  a   eom- 

^^Otnj  with  wilieyliil  and  <lecouiposing  it  again  by  slight  heat,  (■hhroform 

^^^huU)  or  Chloroform  {Salirjftid). 

*V  iinpurititw  of  chloroform  are  due  partly  to  imperfect  manufacture  and 

to  decompos-itian.     Along  with   the   chlorofonn  there  distils  over  a 

quantity  of  heavy  oily  fluid,  which  may  he  isolatetl  by  Pictet's  method, 

ilion  is  entirely  unknown.     DuBois-Rcymoud  found  that 

more  strongly  on  ihc  heart  tlum  pure  ehiorof'Tirm.  but  it  is 

Ide  whether  the  minute  quantities  inhaled  in  ordinary  aniea- 

effects  of  any  importance,  and,  on  the  other  himd.  it  is  quite 

,'  tiiii !  iiav  the  use  of  absolutely  pure  chlorofonn  does  not  prevent  accidents. 

^torufurm  undergoes  decomposition  when  exposed  to  light  and  air,  Jiydro- 
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ohloric  acid  and  chlorine  being  set  tree  in  small  quantity.  These  can  aflftvt 
the  course  of  uniesthesia  only  ihroiigh  their  lotral  irritant  aetion,  but  if  pres- 
ent in  suflicicnt  i|nantil.v  uuiy  c-nuse  the  respinilion  to  U»  more  iri-e^Iar  thai) 
usual  in  thi-  tarlier  staj^'eji ;  the  cbloi-oform  used  for  auie-^theti<-  jmriKiscs 
ouijht,  therefore,  to  l)e  kept  in  a  dark  pluee  or  in  rulored  IhiUIcs.  An«tli«r 
decomposition  04xur8  when  chloroform  is  evaporated  in  tlie  neiKhhorhootlof 
a  large  (lame,  aneh  us  from  gas  or  lamp»,  and  hydrochluric  nHd  and  pha-^gea 
(C('ljU)  arc  formed,  the  latter  being  a  gaa  with  exceedingly  irjitant  pivp- 
crties. 

Chlorttform  is  a  hca\'>-  volatile  fluid,  of  dmracteristic  ple-nsant  odor  and  hot 
sweetish  lante.  Us  s^pecilie  gravity  id  1.490 (U.  S.  P.)  und  1.400-1.495  (K.  P  ), 
and  \X  hoils  at  0O~4>2"  C  A  number  of  teste  are  given  for  iuipuriliiw.  bat 
IhoHe  of  importanee  can  genendly  he  deUH-led  hy  ihe  odur,  e-spet-iully  if 
some  cldoroform  l»o  allowed  to  uvaporute  in  a  wateh-glass,  when  the  liut 
drop  ought  to  have  no  irritant  etVect  when  inhaled.  Chlorine  and  liydru- 
chloric  acid  may  be  tested  for  hy  Phaking  the  ehloroforni  with  distilh-d  uat4'r, 
and  testing  the  latter  with  potassium  iodide  and  starch  and  with  silvtr  ni- 
trate. The  water  ought  to  give  uoaeid  reaetion  tolitiiuis.  If  left  iu  otmlaLl 
with  eonceiilraled  sulphuric  acid,  chloroform  should  nut  become  (Uirker  wiiliiii 
one  hour,  as  thi.s  indieates  the  presence  of  some  toreign  unsluhle  bo(l>'. 
The  other  impurities  re<pure  complicated  chemical  pioee.sses  for  their  dekt'- 
tion. 

£ther  \s  prepared  by  the  action  of  Hulphuric  acid  on  alcohol,  and  issiil)»>- 
queutly  purified  hy  washing  with  water  and  alkalies.     It  seldom  eontaiiw 
impuritie>«  of  importimce.      .ICthor  (H.  P.)  is  unsuited  fitr  anu>sth(T.siH    and,  in 
fact,  is  t-'utirely  MipcrHuoUH.     -Kthcr  purilicaliis  (B.  P.)  and  ,'Kthcr  (v.  S,  P.) 
arr  prattii^ally   identical  and  are  the  forms  iDU.-nihii  for  inhalation.      Ellipf  i» 
i-ry  viilatile  fluid,  of  ii  Mifl()witing,  irritimt  odor  and  bitter  tii>4te       Iu»  wwiflc 
vity  is  U.7ar»-0.728(U.  S.  P.J.  anj  O.720-U.7'->2  (B.  P.),  and  ii«  boiling  |K)int 
fs  'At\-H7°  0.      It  evaporutes  very  rapidly  in  the  air  uml  suhould  leave  no  fortig*^ 
Oilor  ant]  no  refldue.     It  should  uot  color  litmus  paper,  nor  bt-  colorvd  wilbi* 
an  hour  when  shaken  with  poUtH^iuni  hyilrato  Hi»lution.      Kthcr  vapnr  is  excce*^" 
ingly  inlluinmat>le  when   inixt.ii   with  air,  luid   it  should  therefore   be  kept  i"    * 
cool  [iluce,  away  fnjni  gas  flames  or  lamp;^. 

Vari«ais  other  members  ai'  the  fatty  series  have  Iwen  introduced  aft  gvo^**^ 
una-wthctics  at  iliH'ercnt  tiuie«,  hut  few  r»f  them  have  proved  U)  have  any  ndv**-* 
tagc  over  chUimrnnn  an"l   ether,  and   fatjilities  hine  iiccurre<l  u(Ut  uI)  of  lU^^' 

that  have  received  a  wide  trial.    Fental,  trimethylelhylene  {(UHJ^C TIIC^ 

haM  hwii  intrrMhieed  fi>r  short  operation.-'  nilhin  the  last  few  year*,  ami  piiKm^r***^ 
(he  udvantagc  (hat  no  a  Iter- c  fleets  are  surti'red  Iniiii,  Ihe  patient  feeling  iwrfetr^^^ 
well  a  few  lainutc-*  aUer  regaining  consciouRm^sH.      ftn  u«e  is  not  absidutelv  «» ^ 
liowt^ver,  aft   was  once  aA^erted,    for  several   accident**   have  occurred   under 
within   a  comparatively  short    time,      Penlal    ]>r«Khices   ana'ttthcsia    l>e(ore    L^^ 
retlexes  (hsjippcar   or    the   muscles    relax,   and    n<»t   infre<iuenlly   Ihe  jnw«  it--^ 
tightly  ehwil  after  consciousnesa  is  lost.      In  scmie  cases  tremor  and  eon vuUi*'' 
attacks  have  tK'CurriHl  dnring  it^  adniinif*tration,  but  it  Beenis  to  have  verv  litl  ^' 
aeti'in  o«  tlie  heart  or  circulation.      In   the  frog  it  is  said  Ut  paralyze  the  tei 
miniitifins  of  the  moV)r  nerves.     Ethyl  Bromide  (CjH.Br)  has  alHo  lieen   use— ^ 
hirgeiy  in   recent  years  for  short  o|>ennions  instead   of  chloroforn*.   and   pny 
duces   anu>sthertia    with   great    rapiditA'.     0<m«'iousnesH    returm*    quickly     ufte** 
the    removal  of  the  ma^k.  but,   on  the  other    hand,   ihe   inhalatiun    i»   not   m7 
pleasant  :ls  that  of  pental  and  patifiits  complain  of  greater  depression  and 
discomfort  afterwards.      Henuicke  fonnil  that  10  vol.  itcv  cent,  of  ethyl  bro- 
mide were  necessary  to  an;ustheti/.e  animals  within  5  minutes,  and   that  if 
this  concentration  were  maintained,  death  incurred  in  15  minutes,  so  thut  it 
lA  by  no  means  to  be  eonsidereil  a  perfectly  ful'v  an^eBthetic  ;  several  deaths 
have  occurred  from  its  use  in  deutiytry.     IWth  pental  atid  etliyl  bromide  art- 
udininisti'ivd  on  a  nia^k  in  tlie  siiine  way  ay  ether.     Ethyl  bromide  must  !« 
distinguished  from  ethjlent  bronrub.'  t(',II,Brj)  which  is  a  much  more  doa. 
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0.  Ethyl  hromilie  i«  very  liahle  Nt  ilor<iriiiK>Kiliiin  when 
I  tong.  (tnti  irt  ortcii   lurnishotl  in  lui   imimrL'*  form  ;  it  oii^fiit  t*>  by  porfeftly 

<rl««.  a*  a  ydlowisli  color  iiidictiU*.'*  <]tT(>iiipoHi(i(>n,  often  with  tlic  prcfu- 
y  of  Irw  bmuiint".  Ethyl  Chloride  tL'jH^CI),  or  Keleno,  hiu*  I«Mn  mivo- 
kd  of  rwx'nt  yt^rs  x**  :»a  ana'st lu-lif  for  minor  operntionft  and  oxarninutioiin 
iJ  iip|H'an«  lo  be  safi^r  nriil  niorf  ."jitisfiictory  than  the  Itroiiiide.  It  is  kept  in 
*kM  lulirs  nnd  inhaled  lhn>ugh  a  mask  as  it  \a  extremely  vohitile,  boiling  at 
b<Kit  P2*  C.  Ana^Lhesia  is  obtained  in  nboui  2-o  niinuteti,  but  oomj>K'tii  niUHi-iilar 
titi.-n  i«  olU'u  alwiont.  Ilot'ovory  follow«  a  few  niinutofi  after  the  ninnval 
»■  It  i*<  not  unpleuMant  to  inhale  and  Juduro»  no  unfuvonihh'  pymp- 

H  Ijy.     The  piilnL*  iw  generally  slowed,  wliilc  the  respiration  is  deep. 

[V  litiMHl-pn'^Min.-  is  found  to  be  reflueeil  in  aniniaU  in  deep  ana-sthe^ia.  Sime 
Iwi'irojKTation^  have  Iwen  performed  under  ethyl  ihloride,  but  it  is  found  dirti- 
tull  tunuuntain  H  uniform  anie.-*the«ia,  owinp  to  the  rapidity  with  wliieh  cim- 
»rit>u*nf'«  returns.  It  is  uflcn  employed  to  introduce  aniesthesia,  which  is  then 
Miiilainisl  with  ether. 

Thi-citluT  wenibers  of  this  eeries  posn»«  no  pnictitial  importance.  It  may  be 
Buntiin.-d  that  tftrachjoriile  of  oarl>on  (Cf'lJ  dirfen*  from  the  others  in  cuuding 
^>nuilM»in*t.  whili-  perehlorethaiie  ^C',C1^1  is  a  crystallino  aolid  and  possesaes  too 
^nUiiliii}:  pf'int  to  he  available  for  inh;dation. 

VimoH.s  Miitares  of  the  Anaeatlietics  have  Ix^cn  adviaed  at  different 
liuKS.  Uf  these  the  A<'E  mixture  (alcohol  1,  ether  2  and  chloroform  ;i  parts 
krvohimci  in  the  boit  known.  Its  use  has,  however,  been  attended  with 
Hmemws  fatalities,  as  was  only  to  Ik?  expected  front  u  consideratiou  tif  the 

Jalility  of  the  different  ingredients.  Kther.  being  the  most  volatile,  is  first 
>Bl»ltil.  and  then  ehloroforni,  and  la.st  of  all  the  aleidiol.  The  ^ife  eoneen- 
iTitiuo  of  ether  is,  however,  much  greater  than  that  of  ehlorofonn,  and  a  vapor 
^liii'h  may  Ite  jierfcelly  Wife  an  long  as  it  consists  of  ether  for  the  mwt  juirt, 
Biiivhfcoine  exceedingly  dangerous  when  it  wmsisti*  of  chloroform.  This 
BifUiod.  therefore,  increases  the  rei*ponsibility  of  the  rhloruformist  by  leav- 
Swi:  him  in  complete  ignorance  as  to  the  composition  of  the  anieethetie  at 
toVjeivpn  time. 

A  nnw  «4'rie.s  of  roixturcft,  advo<*ated  recently  by  Schleich,  consists  of  dif- 
l^^nt  ]iro(M«rtion8  of  chloroform,  ether,  and  petroleum  ether,  the  more 
>"Uii!f  pnrl  of  (H-troleum  (Injiling  at  OlMio"  C).  His  object  is  to  have  a 
:  boils  :u»  near  the  bl«x)d  temperature  (38.-l°C.)  as  possible  but  it  is 
y  to  enter  into  the  theoretical  principles  on  which  he  based  his 
'"^ilure  ttn  these  have  proved  to  be  erroneous  and  such  u  fluid  as  be  Hdvisi>s 
>*n*>rnn5tAnt  boiling  point  (Hrann).  The  anaesthesia  i»  induced  and  main- 
K>»ctt  for  the  mo«(t  part  by  the  ether,  whirh  forms  70-firt  per  cent,  of  hiw  mix- 
'"'?. xoj  lb«!  l7i-24  per  i-ent.  of  chlorornnn  merely  accelerates  and  deepens  it* 
•ftifliL  The  petroleum  ether  is  quite  snperilaims,  and  tlie  danger  of  the  mix- 
*f*  !iw  in  the  fact  that  the  v.*ipor  consists  at  one  time  of  ether  mainly,  while 
■iTnu^tof  it  may  be  chloroform.  In  favor  of  the  mixture  of  ibe  two  an;es- 
uvtii>  it  Was  b^-cn  urged  that  very  small  <|uantities  are  re(|uired  t**  induce 
'*'-'"n>.'iou«ne?«,  while,  on  the  other  hand,  the  respiration  is  more  unfavorably 
jiHuma'd  tlian  by  either  of  them  given  alone  (Honigniunn).  Am-^'thnf  is  a 
"ip'Mii"*  inixturc  of  ethyl  chloride,  chlnrofonn  and  ether  ;  Homno/orm,  of  ethyl 
^loridp,  ethyl  bromide  and  methyl  chloride. 


Local  Action  and  Uses. 

^'1 1'Mition  to  thoir  use  as  aiuesthetics,  chlorofurin  atnl  ether  are 
-•"KUt'iiiue^  proscribeil  tor  the  siiine  purposes  ixs  tlie  volatile  oils, 
yliloroform  has.  a  Iiot,  sweetish  taste,  while  ether  is  hitt-cr  and  sufVociit- 
"^•n  tlif^  moath  ;  a  sensation  of  heat  and  often  of  pain  in  the  stotuaeh 
Biliuff5  when  ibev  ai'e  swallowed,  :i[i<l  L-hlnroibrin  luay  cause  gastrie 
•"itfttion  and  catarrh  when  given  undiluted.     The  movemeuts  of  the 
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stomach  are  accelerated,  and  Batelli  states  that  a 
shortening  of  the  muscular  fibres  occurs.     The  whc^ 
to  that  produced  by  the  volatile  oils,  but  absorptP 
place  more  rapidly.      On  the  skin,  ether  evapora 
cause  much  irritation,  but  chloroform  is  oocasionall 
facieut  in  the  form  of  a  liniment. 

Pbepaeations. 


The  pure  substances  may  be  admiaistered  by  the  mo^ 
quently  other  preparations  are  prescribed. 

Chloroform,  0.5-1  c.c.  (8-15  mins.). 

.^ther,  0.6-1  c.c.  (8-15  mina.). 

Spiritus  ^theris  (U.  S.  P.,  B.  P.),  2-5  c.c.  (80-90  na-J^ 

Spibitus  ^thebis  C^mpositus  (U.  S.  p.,  B.  P.)  (Hoffy 
contains  a  number  of  esters  of  ethyl  and   other  sub^' 
"  ethereal  oil,"  together  with  ether  and  alcohol,  2-4  c.c.  (.3'L^ 

Spibitus  Chlobofobmi  (U.  S.  P.,  B.  P.),  1-4  c.c.  (20-^*^ 
for  repeated  doses,  B.  P.). 

Etnulaum  Chloroformi  (U.  S.  P.),  15-30  c.c.  (^-1  fi.  oz.). 

Aqua  Chloroformi  (U.  S.  P.,  B.  P.). 

Linimentum  Oihroformi  (U.  S.  P.,  B.  P.). 

Tinctura  Chloroformi  et  Morphinx  Composita  (B.  P.)  contains  ^^^^^^^ 
morphine  hydrochlorate,  chloroform,  prussic  acid,  cannabis  ^^^ p^J^ 
and  oil  of  peppermint,  and  represents  the  patented  medicine  ^^  c** 
Dose,  5-15  m.     It  is  used  as  a  soporific  (see  morphine).  ^^ 

Mher  AceUcus  (U.  S.  P.,  B.  P.),  acetic  ether,  an  ethereal  fluia 
of  ethyl  acetate,  1-3  c.c.  (20-40  mins.). 

Therapeutic  Uses. — These  preparations  are  used  for  the  s^^ 
poses  as  the  corresponding  preparations  of  the  volatile  oils.     T'' 
spirits  and  emulsion  may  be  prescribed  as  carminatives  or  iD 
while  the  liniment  is  used  as  a  counter-^irritant.     Chloroform  w^ 
an  antiseptic  of  considerable  power,  but  is  too  volatile  for  surgioaJ 

Spirits  of  ether  and  ether  itself  are  often  given  internally  or 
cutaneously  in  cases  of  shock  or  sudden  collapse  in  the  same  wi 
brandy  or  whiskey,  though  Elfstrand  states  that  ether  injected  li 
dermically  has  no  effect  on  the  heart  or  blood-pressure ;  spiril 
ether  contains  a  much  larger  percentage  of  alcohol  than  oid! 
whiskey.  Both  ether  and  chloroform,  but  more  especially  the  li 
have  been  used  internally  for  tapeworm  with  success.  There  is  a] 
some  clanger,  however,  that,  besides  destroying  the  parasite,  they 
cause  irritation  and  lasting  injury  to  the  intestinal  wall. 

Hofmann*3  anodyne  is  a  favorite  carminative,  and  is  often  add 
other  drug-i  to  lend  them  an  agreeable  odor  and  taste.  It  is  also 
in  dilution  as  a  stimulant  in  the  same  indefinite  way  as  wine 
spirits,  and  its  large  percentage  of  alcohol,  together  with  the  boi 
given  it  by  the  various  esters  present,  entitle  it  to  be  ranked  ai 
the  alcoholic  preparations. 

Both  spirits  of  ether  are  used  occasionally  in  expectorant  mix 
and  are  believed  to  increase  the  bronchial  secretion. 

Ether  evaporates  very  rapidly  and  leaves  a  sensation  of  cold, 
when  thrown  on  the  skin  in  a  fine  spray  it  produces,  sufficient 
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numb  semwtion  in  the  part  ami  allow  of  minor  surgical  operatitms. 
pee  (IMS  of  cocaine.)  Instead  of  ether  still  more  volatile  sunHtauces, 
such  fts  ethyl  chloride  (boiling  p(>int  r2.5*'  C.)  and  methyl  chloride 
rtwiUng  point  —  23°  C.)  have  been  introdueed.  The  latter  is  supplied 
HI  pressure  cylinders,  and  is  allowed  to  escape  against  the  skin,  while 
iWnibfrs  are  thrown  against  it  by  pnmping  air  through  them.  The 
W  anesthesia  produced  bears  no  relation  to  their  action  when 
inyitl,  but  is  due  simply  to  the  cold  produced  by  their  evapora- 
tion. The  vcaaels  of  the  part  contract,  and  the  absence  of  blood  and 
of  the  tiasucs  facilitate  some  operations,  but  the  subseciuent 
!  IS  liable  to  produce  considerable  soakage  of  bIoo<l  from  the 
wouud.  The  cold  elicited  ought  not  to  be  great  enough  to  actually 
freeze  the  tissues,  otherwise  the  healing  may  be  slow.  The  intense 
coUisoAen  quite  as  jxiinful  as  the  o|)eratioD  itself  would  be  without 
uy  uuesthetic 
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3.    Nitrous  Oxide. 

The  oldest  of  the  ansesthetics,  nitrous  oxide,  N^O,  does  not  belong 
to  the  methane  series,  but  may  be  discussed  at  this  point. 

Symptoms.  —  When  a  mixture  of  nitrous  oxide  and  air  is  inhaled 
for  a  few  seconds,  a  condition  resembling  alcoholic  intoxication  is 
produced,  witli  much  hilarity  and  laughter,  so  that  the  oxide  ia 
known  popularly  as  "  laughing  gas."  Even  at  this  point  a  certain 
amount  of  aniesthesia  is  obtained,  and  it  was  the  observation  that  persona 
falling  during  this  stage  did  not  complain  of  pain  that  first  suggested  to 
Wells  the  anaesthetic  properties  of  the  gas.  Davy  had  noted  these 
forty  years  previously,  but  his  suggestion  that  nitrous  oxide  might  be 
used  in  surgical  ojHjrations  passed  unnoticed. 

The  inhalation  of  a  mixture  of  nitrous  oxide,  4  parts,  and  oxygen, 
1  part,  causes  after  a  few  seconds  a  rushing,  drumming,  hammer- 
ing in  the  ears,  indistinct  sight,  and  a  feeling  of  warmth  and  com- 
fort. The  movements  become  exaggerated  and  uncertain,  the  gait  is 
staggering,  and  the  bo<ly  sways  from  side  to  side.  The  patient  seems 
brighter  and  more  lively,  and  often  bursts  into  laughter.  Somewhat 
later  a  feeling  of  drowsiness  may  come  ou,  but  this  is  not  constant; 
the  sen.sibility  to  pain  is  much  less  acute  than  normally,  but  no  com- 
plete anfesthesia  is  |>rotluced  by  this  mixture  of  gases ;  the  sense  of 
touch  is  comparatively  little  altered,  and  total  tmconsciousness  never 
results.  The  pui)il  is  generally  slightly  dilated,  the  face  flushed,  and 
the  pulse  .somewhat  accelerated. 

When  pure  nitrous  oxide  is  inhaled  without  the  admixture  of  oxy- 
gen, the  patient  passes  almost  instantaneously  through  the  symptoms 
already  described,  but  then  loses  consciousness  completely;  the  face  is 
cyanotic,  tlie  respiration  becomes  stertorous  and  dyspnceic  and  ceases 
after  a  weak  convulsion,  while  the  heart  continues  to  beat  for  some 
time  afterwards.  If  the  ma.sk  through  which  the  ])iitient  has  been 
inhaling  tlie  gas  be  removed  when  the  cyanosis  becomes  marked,  very 
complete  aniesthesia  lasts  for  30-00  seconds,  and  the  patient  then 
recovers  within  a  few  minutes  and  suffers  from  no  after-effects  M'hat- 
ever.     No  prolonged  antesthesia  can  be  produced,  however,  as  the  re»- 


pinitioQ  l)ecoincs  cndangcretl  if  the  riiasJc  be  kept  un  louger  than  the 
wginoing  of  the  ovanoiic  stage. 

Action.  —  Nitrous  oxide  sujiports  combustion  outside  the  body,  for  if 
a  glowing  splinter  of  wood  be  held  in  it,  it  bursts  iuto  fljiiue  exactly 
as  if  it  were  immersed  in  oxygen.  It  was  accortliugly  believed  at  one 
tinicthat  nitrons  oxide  supported  tho  combustion  of  the  living  titseuefi 
in  tbo  same  way  as  oxygen,  but  tliis  has  been  dii^proved,  for  as  far  us 
the  metabolism  of  protoplasm  is  coneernefl,  nitrous  oxide  bchavt^  in  the 
same  way  as  any  other  imJifferent  ga.«,  sueh  as  hydrogen  or  nitrogen ; 
thaiis,  the  tissues  exposed  to  it  suffer  from  asphyxia  owing  to  the  oxygen 
of  the  air  being  excluded.  Thus,  plants  do  not  grow  in  an  atmosphere 
of  nitPHiH  oxide  and  seeds  do  not  germinate.  Animals  die  after  iu- 
lialinp  nitrous  oxide  in  almost  the  same  time  as  after  hydrogen  or 
nitnigen,  and  at  death  the  Piieetnim  of  the  blnod  shows  no  oxyhiemo- 
glubiu  to  be  present,  the  tissues  having  used  up  all  the  available 
oxvgen.  Nitrous  oxide,  therefore,  docs  not  sup|)ort  combustion  in  the 
aJiiiniil  Innly,  the  nitrogen  is  not  split  off  from  the  oxygen  as  it  is  when 
ihiMixide  is  exj)0(sed  to  high  temjR'ratures  outside  the  body. 

iVmither  question  is  whether  nitrous  oxide  behoves  only  as  an  in- 

•iiffrrent  gas  in  the  IkkIv,  or  whether  it  has  not  some  special  effwtt  on 

tncoeatnil   nervous  system,  although  in  the  rest  of  the  tissues  it  acts 

wnlv  by  excluding  the  oxygen.     The  earlier  workers  in  thi«  field  held 

**UU  it  affect ed  the  central  nervous  system  only  by  cutting  off  its  su|>- 

plyof  oxygen,  but  this  has  been  shown  to  be  erroneous,  for  nitrons 

^XHlciiet*?  as  a  depressant  to  the  central  nen'ous  system  by  virtue  of  its 

5**oimdar  form  just  as  chloroform  or  ether  does.    This  has  Ixien  shown 

••>  a  variety  of  wavs  ;  thus,  if  it  were  a  perfectly  iriilifTercnt  both*  no 

'^inrc  itffe<.'t  would  Iw  prt>duced  by  it  when  mixed  with  one  luurth  of  its 

^'«»Iiime  of  oxygen  thim  by  air,  which  consists  of  1   part  of  oxygen 

**><!  -I  parts  of  an  indifferent  gas,  nitrogen.     But  80  per  cent,  nitrons 

■*3ci(le  luLs  definite  efltvts  on  tlie  behavior  4tf  aninnds,  as  has  been  nien- 

^■oiMil,  arnl  even  73  jht  cent,  produces  some  slowing   lA'  the  respira- 

^>ou.    The  narcotic  action  was  demonstrated  very  clearly  by  Paul  Bert 

\^  flH^riuB  of  experiments  on  man  and  animals.     He  noted  that  only 

^■*i|»(rfeci  anaesthesia  was  produced  by  80  per  cent,  nitrous  oxide,  while 

*^*  puiT-  gas   priKlucetl   asphyxia.     The  pniblctu  was  to   inti-oduee  as 

^^w\]  gus  into  the  bhxKJ  as  would   jiass  in  under  pure  nitrous  oxide, 

*»i(iai  the  same  time  to  su]>i>ly  sufficient  oxygen  to  prevent  asphyxia. 

riit  ahsoTption  of  nitrous  <»xide  dejveuds  u]M)n  its  jKirtial  pressure  in 

^"<' lungs,  as  it  is  simply  dissolved  in  the  bla{Hl  without  forming  any 

*^"ai  minbiimtion  with  it,  and  tlie  qiiaiility  absorbe*!  liy  the  blood  may 

"^Jfiiijinented  by  increasing  the  baronictrie  pressure,      Bert,  therefore, 

**lniinisterod  a  mixture  of  80  parts  nitrous  oxide  and  20  parts  oxygen 

*^  snimals  in  a  glass  ca.'ie  in  which  the  pressure,  was  raiscil  one  fourth 

•wive  the  onlinary  atmospheric  prcssui-e.      The  absorption   of  the 

**Urr)iis  oxide  was  the  same  as  if  the  animal  had  breathed  the  pure  gas 

*^  'ht'uniinary  air  pressure,  and  at  the  same  time  as  much  oxyg<'n  was 

absorbed  OS  in  ordinary  air.     The  result  was  a  complete  autesthe&ia 
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%vithout  afipliyxin,  whicli  rotilil  be  maintained  for  3  days  witlio«t  in- 
jury to  the  animal  (Martin).     Kemp  has  recently  whown  that  iuIj- 
turea  of  oxygen  and  nitrons  oxide  can  be  inliale*!   for  some  time  anil 
produce  anaesthesia,  which  posses  off  at  once  when  nitrogen  is  subnti- 
tuted  for  nitrous  oxide.     He  has  further  investigated  the  blood  gx«^ 
during  nitrous  oxide  antesthesia,  and  finds  that  the  oxygen  oontainwl 
in  the  blood  at  the  deepest  stage  of  aniesthesia  is  quite  miffieifut  W 
maiataiu  life  and  consciou.sness  were  no  nitroiis  oxide  preseuL     Again 
Goltstoin  found  that  frogs  were  narcotized  iu  5}  minutes  in  an  atmo*- 
phere  of  nitrous  oxide,  iu  1  J  hours  in  hydrogen,  and  s!iow<h1  that  tbf 
narcosis  and  dcjith  in  mammals  from   nitrous  oxide  ditfenyl  in  several 
details  from  that  under  intiifferent  giisc^.     There  can,  therefore,  be  do 
doubt  that   nitmufi  oxide  has  distinct  effects  on  the  central  ncr\ous 
system,  although  it  is  indifferent  to  the  other  tissues.    A  further  qw*- 
tion  arises,  whether  the  anaesthesia  produced  by  it  in  ordinary  ajw  is 
due  to  this  specific  action  on  the  nerve  cells  alone  or  to  the  aspliyxia- 
Wo<>d  has  shown  that  even  a  slight  admixture  of  oxygen  (3  per  oeot-^ 
delavs  aniestbejsia  considerably,  so  that  the  lack  of  oxygen  ap[)ears  to 
aid  the  diret^t  effects  of  the  anresthetic.     Bert's  and  Sfartin's  experi- 
ments would  indiratc*  that  death  occurs  not  from  the  direct  action  o{  tl»* 
nitrous  oxide  on  the  respiratory  centre,  but  from  the  lack  of  oxygen,  a  1-- 
tlioitjrh  the  depression  of  the  centre  is  unckiubtedly  a  contributing  facW>«"- 

Tlic  same  question  arises  regarding  the  action  on  the  nerve  cells 
has  been  met  with  in  the  members  of  the  methane  series,  and  he 
again  the   preliminiiry  excitenunt  would  seem   to  indicate  not  stiniL^B- 
lation  of  the  bmin  areas,  but   lessenc<l  activity  of  the   functions  »-  ^ 
control  and  restniint. 

The  respinilory  centre  is  depressetl  when  the  gas  is  inhaled  in  cnnr"*' 
parativcly  dilute  form,  for  Zuntz  and  Ooltstein  found  the  brealhit:»€ 
slower  and  dec|K'r  after  711  per  cent.  The  respiration  ceases  soo''*^ 
what  earlier  under  nitrons  nxitle  than  under  indifferent  gases,  whi<^" 
would  indicate  timt  thr  ccs?siUion  of  the  breathing  is  due  at  any  r***** 
in  part  tn  the  spmfic  depressant  action.  In  asphyxia  from  nitr»>»** 
oxide  there  is  lens  eonvuUive  movement  than  under  hydrogen,  owi*'^ 
to  the  general  depression  of  the  iiervo  cells. 

The  circulation  is  little  affectc<l  by  the  nitrous  oxide  directly,  the  f^^* 
in  the   blcKxt-pressui'e  aitd  slowness  of  the   pulse   being  due  to  * 
asphyxia!  coodition  of  the  btoo<i ;  the  pulse  is  not  so  slow  as  in  ordin***^ 
asphyxia  or  in  asphyxia   from   nitrogen  or  hydrogen,  because  (he  •  **  i 
hibitory  centre  isi  less  capable  of  activity.     The  heart  i.s  not  affecC--^^^ 
directly,  but  only  by  the  lack  of  oxygen. 

Nitrous  oxide?  is  dissolved  iu  the  blood  exactly  as  in  water.     The^       , 
is  no  ojmbination  formed  with  any  of  the  constituents,  nor  is  t^^' 
hcemogtobin  altered  in  any  n^pect.  ^  . 

Nitrous  oxidt?  is  a  gas  at  ordinur\'  temperature  and  pressure,  and    ^  . 
invariably  administered  by  inhalation  from  a  cylinder  into  which  ^ 
has  been  forcetl  under  high  pressure.     The  mn.sk  generally  covers  bot^ 
nose  and  niouth»  and  the  iidtalntion  is  carried  on  until  distinct  cvano-"^ 
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wlion  tlie  nniceithesia  i»  siiffioient  to  allow  of  short  opor- 

a^QH,  such  as  those  of  denliHtry.     It  is  much  the  aafost  of  Uie  ames- 

>,  for  millions  of  persons  have  been  subjected  to  \\^  liifluouce, 

as  yet  only  ten  cases  of  death  are  reporte<l  from  it?  use,  and  sev- 
en! of  tln*«e  do  not  s«'era  to  have  been  due  to  the  dire<l  action  of  the 
pA.  Unfortunately,  the  anaesthesia  cannot  be  kept  up  except  for  a 
vwy  short  time,  which  is  quite  insufficient  to  allow  of  ordinary  oper- 
iiivc  procedun'8.  A  numl}er  of  attempts  have  been  made  to  prolong 
tlieaiiif>;thc'^ia.  of  which  Bert's  was  nuich  the  most  successful.  The 
o|>t!mtor,  patient  and  attendants  were  enolose<i  in  an  air-tight  ehauiber, 
the  air  pressure  was  raif>ed  by  means  of  force  jnimps,  and  Bt'ri*s  mixture 
ofoxrgen  and  nitrous  oxide  was  inhaled  by  the  patient.  A  whole  series 
of  ttmjur  operations  were  performed  in  this  way,  the  anajsthesia  being 
complete  as  long  as  was  desired,  and  the  patient  recovering  a  few 
miuui«*  af^er  the  mask  was  removed.  The  only  objections  to  the 
mdlMi  were  the  gre;»t  expense  of  the  chamber  and  of  pumping  the 
airland  the  inconvenience  attending  the  whole  procedure.  Bert,  there- 
fore, |mi|M>^e<l  later  to  induce  aniesthesia  by  pui-e  nitrous  oxide,  and 
tit«D  to  substitute  for  it  a  mixture  of  oxygen  and  nitrous  oxide,  and  to 

up  the  aniesthesia  as  long  as  desirni  by  alternating  between  the 
'^fW*  gBs  and  the  mixture.  A  practical  method  of  carrying  out  this 
Ibna  of  anesthesia  ha.s  been  devised  by  Hewitt,  whose  results  have 
W  to  a  wider  trial  (»f  diluted  nitrous  oxide  aniesthesia  than  it  has 
faHhtrto  had.  His  ap[>aratus  consists  essentially  of  two  reser\'oirs,  the 
one  nmtaining  oxygen,  the  other  nitrous  oxide,  and  of  a  mixing  cham- 
ber with  a  sto|>cock  by  which  the  pmportion  of  oxyg<;n  is  regulated. 
A  tnbf  lends  from  the  mixing  chanil>er  U\  the  mask  which  must  fit 

riy  to  the  face.  The  inhulution  is  commenced  witli  pure;  nitrous 
or  with  a  mixture  coniaining  only  2  f»er  cent,  of  oxygen.  Whi*n 
BMithrBin  is  attaimKi  the  percentage  of  oxygen  is  increased  to  5—8  wr 
«Bt  by  turning  the  stojicock,  and  tlie  symptoms  determine  the  further 
Awup^,  n-turning  consciousness  necessitating  a  diminution  in  the 
osTpMi,  stortor  and  cyanosis  an  increa.«e.  This  form  of  anaesthesia  is 
•dmirahly  adapted  for  minor  operations  and  has  been  maintained  in 
«nMQucftfor  as  long  as  an  limir.  The  circulation  and  respiration 
are  le»  wricnsly  altered  than  by  any  other  meth<Hl  that  induces 
poeral  anesthesia,  and  the  return  of  eonsciousnexs  is  almost  inuaediate. 
The  great  drawback  to  its  use  is  the  cuniliivus  apparatus  requirt-d  and 
1^  vktpi  amount  of  gas  used,  amounting  to  Mi>out  100  gallons  for 
Hwillitiiii  of  half  an  hour.  Complete  muscular  relaxation  is  seldom 
ttUincd  and  this  precludes  its  use  in  niiuiy  npenitions,  in  which  how- 
fvw  it  Biay  be  employed  at  first  and  then  be  replaced  by  chloroform 
Of  etii*'r,  whose  preliminary  di.-jagreeaMe  eft'ccts  are  thus  avoided. 
dkrjiriisch  proposed  the  use  of  80  |>cr  cent,  nitrous  oxide,  not  for 
ftJtnpW'  anns}the«ia,  but  to  relieve  pain  and  spasm  in  cases  of  asthma, 
b  Uli^r  and  similar  conditions.     The  patient  could  inhale  it  if  neces- 

iriUuMit  the  presence  of  a  medical  attendant,  and  it  luul  the  ad- 
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vantage  over  the  other  depressants  that  it  need  only  be  inhaled  when  an 
attack  of  pain  was  approaching  and  that  it  left  no  depression  afterwards. 

The  high  blood-pressure  induced  by  nitrous  oxide  asphyxia  is  some- 
times said  to  be  dangerous  in  elderly  persons  from  their  liability  to 
apoplexy,  and  of  the  few  fatalities  under  the  gas  several  would  seem 
due  rather  to  this  than  to  the  drug  directly,  but  the  danger  is  often 
overstated,  and,  in  fact,  it  is  a  question  whether  the  shock  caused  by  the 
operation  without  gas  would  not  be  more  dangerous  than  the  effects  of 
the  gas  itself.  No  such  symptoms  arise  when  the  nitrous  oxide  is 
diluted  with  oxygen  as  in  Hewitt's  method. 

Occasionally  some  glycosuria  Occurs  after  the  inhalation,  not  owing 
to  the  gas  itself,  but  to  the  accompanying  asphyxia.  It  is  merely  tem- 
porary and  has  no  practical  importance. 

The  treatment  of  accidents  in  anaesthesia  under  nitrous  oxide  con- 
sists in  artificial  respiration  alone. 
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4.   Soporifics. — Chloral. 

Some  twenty  years  after  the  introduction  of  the  ansesthetics,  a  new 
interest  wu^  given  to  the  methane  series  by  the  examination  of  the  ac- 
tion of  chloral  by  Liebreich.  Henceforth  the  attention  of  investigators 
was  diverted  from  the  quest  of  ancesthetics  to  that  of  hypnotics,  with 
the  result  that  a  very  large  number  of  bodies  have  since  been  suggested 
for  this  purpose  and  that  a  few  valuable  drugs  have  been  added  to 
therapeutics.  These  soporifics,  or  narcotics,  have  the  same  general 
action  as  tlie  amesthetics,  but  are  uswl  only  to  produce  the  first  effects 
of  imperfect  consciousness  or  sleep.  The  antcsthetics  might  be  used 
for  tliis  pur})<)se  were  it  not  for  tlie  comparatively  short  time  during 
which  their  action  jKTsists.  Narcotics  are  required  to  produce  a  slight 
but  histing  cftcct,  and  for  this  purpose  the  gradual  absorption  from  the 
stomach  is  t>etter  adapted  than  the  rapid  absorption  and  equally  rapid 
elimination  by  the  lungs.  The  narcotics  arc,  therefore,  less  volatile 
than  the  anastlietics,  and  ought  to  be  soluble  in  water  and  not  irritant 
in  the  stomach,  so  as  to  permit  of  rapid  absorption.  Chloral  is  still 
the  best  known  and  most  widely  used  member  of  this  group. 

Symptoms. — In  small  quantities  chloral  produces  drowsiness  and 
weariness,  which  soon  ]>ass  into  a  condition  resembling  natural  sleep 
very  closely,  from  which  the  patient  can  be  awakened  by  ordinary  means, 
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muscle  or  nerve  in  the  living  animal,  but  ^'bcn  it  is  applitHl 
e  exposeil  uerve  it  first  irritatea  aud  later  jmnilyzea  it,  and  injected 
irectly  into  the  artery  of  a  muscle  it  causes  imruwiiate  rigor.  Tlie 
tmiJcrature  falU  after  the  admioietration  of  chloral  from  the  letisened 
nust-ular  niovt>rnent,  and  jierliapa  from  the  increased  output  of  heat 
hfijugLi  the  dU:ited  skin  vessels*. 

The  effects  of  chloral  on  the  tissue-change  have  been  recently  inves- 
Bpited  and  found  to  corresj>ond  very  closely  to  those  of  chloroforro, 
Tho*  fatty  degeneration  of  various  organs  has  been  produced  by  the  pro- 
lufigi**!  arlniinistration  of  chloral  and  of  chloralamide,  and  the  increase 
in  the  nitrogen^  phosphates  and  hulphur,  especially  of  the  nnoxidize<l 
sulphur,  in  the  urine  points  to  augmented  destruction  of  the  proteids 
of  tiie  body,  together  with  imperfect  oxidation.  The  acidity  of  the 
nriuG  Is  much  increased  by  tlie  presence  of  urnchlnndic  acid.  The 
Hne^sive  pruduction  of  this  acid  in  tlie  tissues  has  been  said  to  l>e  the 
oiu«'  of  the  alterations  in  tlie  metabtflism,  and  u:?  a  matter  of  fact 
Klciuo  ba.s  f)imd  that  the  addition  r>f  alkaline  carb«jnates  to  the  f<x>d 
[irevcnts  tliese  effects  of  chloral.  Chloral  was  ft)rnicrly  supposed  to 
l«»(l  tj  glycosuria,  but  this  luis  been  shown  to  be  erroneous,  the  riKlu- 
cing  stihstance  tn  the  urine  being  nrocbloralie  aci<l,  and  nut  sugar.  In 
nldition  til  this  effect  on  the  tissues  geiiorally,  less  oxygen  is  abr4orI)ed 
imi  lc8s  uarbitnic  acid  excreted  owing  to  the  diminished  rauseular 
OBVtimcQt. 

OilonU  is  reduced  in  the  tissues  to  trichlorethyl  alcohol  (CCI^C'Hj- 
"H),  vrhich  eombines  with  glycurtinic  acid  to  form  urochloralic  acid,  and 
weicrpteil  in  this  form  in  the  urine.  Some  escapes  by  the  kidneys 
•ujchanged,  however,  and  some  Is  thrown  into  the  stomac'h,  and  this 
Uttyacoouut  tor  the  nausea  and  discomfort  felt  after  awaking  in  some 

The  i)ther  hypnotics  of  this  series,  with  the  exwpticm  of  chlondose, 
ot»rrtepond  exactly  with  chloral  as  far  as  their  action  on  the  central 
*TVuud  system  is  concerned.  The  chief  difference  in  tlieir  effects  is 
*^D  in  the  circulation  and  metabolism,  which  are  comparativelv  little 
iffwtod  by  those  which  do  not  possess  substituteil  rhlorine  atoms. 

Panldehyde  aud  Sulphonal  (hi  not  affect  the  heart  directly,  although 

im  may  cause  a  sliji^ht  acceleration  of  the  puis**  through  their  depres- 

•wiliictioa  on  the  i  nhibitory  centre.    They  lessen  the  metabolism  tlirough 

^^ivirnrtion  on  the  rentral  nervous  system,  but  produce  no  such  marked 

"teratiiiu  in  the  pn:>tcid  decomposition  as  follows  the  administration  of 

"ililMra!.     Paraldehyde  resembles  alcohol  in  its  effects,  though  it  is  a 

iiuch  more  powerful  narcotic  aud  rai*ely  in<lucps  any  symptoms  of  ex- 

"•teincat.     Very  large  quantities  of  sulphotml  and  panddehyde  have 

lljtt  taken  without  fatal  results,  and  in  fact  without  any  more  serious 

Pfcqueuoes  than  prolonged  unconsciounness,  s*)  that  they  are  much 

^W  narcotics  than  chloral.     Paraldeliyde,  however,  has  a  most  nn- 

plisittnL  odor  and  a  hot,  burnins  titste,  which  renders  its  administra- 

»^  somewhat  difficult.     In  addition   it  is  excreted  in  part  by  the 

"^i  though  mainly  in  the  urine,  and  the  odor  remains  in  the  breatli 
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and  finally  paralyzed  before  the  failure  of  the  respiration.^  The 
depression  of  the  reflexes  is  one  of  the  points  which  serve  to  differenti- 
ate the  action  of  most  of  the  methane  series  from  that  of  the  alkaloidal 
narcotics,  such  as  morphine.  The  last  part  of  the  central  nervous  sys- 
tem to  be  attacked  is  the  medulla  oblongata,  for  although  the  respira- 
tion is  somewhat  slower  and  shallower  afler  small  quantities,  it  is 
scarcely  more  affected  than  in  ordinary  sleep,  and  Loewy  found  that 
both  the  excitability  of  the  centre  and  the  volume  of  the  inspired  tar 
were  very  similar  in  the  two  conditions.  As  the  dose  is  increased, 
however,  the  respiration  becomes  very  slow  and  weak,  and  finally 
ceases  from  paralysis  of  the  centre. 

The  heart  is  somewhat  slower  after  chloral  in  moderate  doses,  bat 
scarcely  more  so  than  in  natural  sleep.  There  is  often  some  flushing 
of  the  face  and  head  from  some  obscure  central  action,  but  the  blood- 
pressure  is  little  affected  except  by  large  quantities,  which  reduce  it 
considerably  and  at  the  same  time  cause  marked  slowness  of  the  pulse.' 
The  depression  of  the  blood- pressure  is  caused  in  part  by  paresis  of  the 
vaso-motor  centre,  in  part  by  the  effects  on  the  cardiac  muscle,  and 
possibly  in  part  by  a  direct  action  on  the  muscular  walls  of  the  vessels. 
It  is  much  more  evident  in  poisoning  with  chloral  than  with  the  other 
soporifics,  this  group  presenting  the  same  differences  in  this  respect  as 
the  general  anaesthetics.  In  both  cases  it  is  to  be  noted  that  the  mole- 
cule containing  chlorine  has  the  more  powerful  action  on  the  circula- 
tion. In  chloral  poisoning,  as  in  chloroform,  the  effect  on  the  heart  is 
so  great  as  to  give  rise  to  anxiety  quite  apart  from  the  condition  of  the 
respiration,  and  in  fact  some  cases  of  poisoning  are  said  to  have  termi- 
nated with  failure  of  the  pulse  before  the  respiration,  though  this  is 
unlikely.  The  extreme  weakness  of  the  heart  may,  however,  aid  the 
direct  action  of  the  drug  in  its  effects  on  the  respiratory  centre.  The 
alterations  in  the  heart  are  similar  to  those  produced  by  chloroform, 
the  auricular  contractions  becoming  weak  earlier  than  the  ventricular, 
and  some  dilatation  occurring  in  both  chambers. 

Locally,  chloral  h&s  an  irritant  action  when  applied  in  concentrated 
solution  and  this  leads  occasionally  to  nausea  and  vomiting  when  it  is 
prescribed  with  insufficient  fluid.  This  irritant  action  induces  redness 
and  even  vesication  when  chloral  is  applied  to  the  skin  ;  it  is  said  to 
corrode  when  applied  to  unprotected  surfaces,  and  certainly  possessee 
antiseptic  properties  like  chloroform.  It  is  rapidly  absorbed  from  the 
stomach  and  carried  to  the  central  nervous  system  where  it  is  taken  up 
by  the  cells  until  they  contain  more  than  the  blood  corpuscles  or  the 
cells  of  other  organs  such  as  the  liver.  Liebreich  introduced  chlond  u 
a  hypnotic  in  the  belief  that  it  was  deoonq)osed  in  the  blood  and  chloiv 
oforni  libt'rattKl,  but  this  has  l>pcn  shown  to  be  erroneous,  no  chloroform 
being  found  in  the  blood  or  expired  air  after  chloral.     Chloral  has  no 

'  The  statement  is  made  that  the  reflex  irritabilitr  is  at  first  increased  in  the  fraf(, 
but  (his  muy  ho  iittributed  mther  to  the  remote  effects  of  the  local  irritation  than  to  the 
direct  action  on  the  cord. 

'Some  investigators  have  stated  that  small  qnantiticsof  chloral  increase  the  arterial 
tension  at  first,  but  this  must  be  very  transient,  if  present  at  all. 
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hose  expectutiuiis,  and  hd8  little  or  no  action  on  tlio  circuUilion  except  in 
tis«inotH  (loses.  U  i»  said  to  be  Um^s  initiuit  than  eliloral  in  the  stomach, 
I  Ui  be  stiaicwhttt  slower  and  Ie**s  certain  in  its  eHecti*.  Chloral  is  formed 
<y  iu  lirctmipiu^itiou  in  the  IxHly,  and  is  excreted  a.s  uroehloralie  ncitl,  and 
fidtu  (Ifj^enerulitm  has  been  observed  nfter  its  pnilunj^eil  udiiiinistruiion. 
On  the  whole  it  woidd  se4;iu  to  posse**  the  cerebral  action  of  chloral,  wilh- 
oat  producin]Lr  ii'^  eMwli*  ou  the  circulation, 

JUnylene  JSydrate,   or    1inietliylethyl<>arbinol,    has    been   advised    an  n 
bypaoUc,  «nd   is   more  clo.iely  allied   to   paraldehyde  in   its   elFects   tlian 
to  any  of  the  others.     It  is  twice  or  thrice  as  powerful  a  hypnotic  us  pnral- 
dchyiie,  however,  while  it  is  only  one  half  as  strong  as  chloral.      It  is  sjiid  to 
detir«R^  the  heurt  more  than  paraldehyde,  but  lesa  than  chloral,  ami  to  pro- 
dtKY  pxcitemeut  an<l  convnli^ionn  in  the  ciimivoni.  hut  not  in  tlic  herbivora. 
KxTii  In  man.  it  causes  excitement  mure  frequently  than  m<»st  other  sopori- 
fic*, aiiJ  Ilarnaek  and  Meyer  state  that  it  first  stimulates  ami  (hen  depresses 
tlitrMpimtoPk'  centre  as  well  as  other  parts  of  the  central  nervtuis  sy.'^lem, 
uodlliul  it  induces  a  very  marked  fall  in  the  temperaluiv.     The  cjirdiac  ami 
V'lliiiilun.'  musele  is  first  increased  in  efficiency  ami  then  depress^-d.     It  has 
little  or  no  etfect  on  the  general  metabolism,  and  is  excreted  in  the  urine  in 
"iii;i.iii;iiion  with  prlvcnronic  acid  in  the  rabbit,  but  seema  to  underKo  com- 
ilmstion  in  the  tissues  of  the  dog  and  in  man.      It  is  less  certain  in 
ii  than  chloral  but  has  not  received  so  wide  a  trial  as  it  would  seem 
^'incnt.     A  combinaliou  <tf  chloml  and  nmylene  hydrate  has  been  intro* 
'liirt-ii  iiDtlrr  the  name  of  Dortniol,  but  offers  no  advantages  over  chloral, 

Trional  and  Tetronal  are  ver>'  similar  to  Rulphonal   in   their  chemical 

*nMiii,..  ;uid   have  practirjilly  identical   results  with   it   in   tlu'rai»eulics, 

'   their  action  on  aninmls  is  somewhat  more  powerful.     In  some  cases 

ijinnt  with  trional  hjematoporphyrin  has  been  found  in  the  urine. 

Umhane   wuubl  possess  all  the  advantages  of  the  others  with  none  of 

'i'*-ir<lUatlvuntoat'S  were  not   its  elFecrt  on  man  niiirh  weaker  and  less  con- 

^it    In  many  casi-s  it  is  an  almost  perfect  hypnotic,  easily  takt^u  in  golu- 

'*f'»,  pro'lucin^  ^iRbt  .^leep  w  ith  no  afler-elTects,  but  in  others  it  seems  to 

'I'^^t  liitle   or   no   hypnotic  efleei.     It   is  oxidized  in   the   body  to  urea. 

**doDal  ap]>eap*  to  have  a  greater  hypnotic  ell'ect  than  urethane.  but  also 

^iU  Ui  tudiice  sleep  in  a  confiitlend»le  proportion  of  cases.      Il  is  followed  by 

Qo  itfli*rH'tr»*cts  and  is  oxidixed  in  the  l>ody  in  the  same  way  as  urethane. 

Chloralose  ;u*ts  much  more  like  mor))hine  than  like  chlonU,  deprt^sslng 
*hf  [I  vihiral  functions,  while  increasing  the  rellexes  until  convulsions  re- 
_  those  ijf  strychnine  nmy  be  prmluced.  The  heart  is  comj>aratively 
■  i-led.  and  the  rr-spiration  remains  strong  unless  very  larj^e  doses  are 
^■*cu.  Jn  man  it  inducer  sleep,  vvbich  is  sometimes  attended  by  distinctly 
'^i^k'stnUril  reflexes  however,  especially  w  hen  large  doses  are  given.  Some 
"f  the  other  compounds  of  chloral  with  the  sugar  aeries  seem  to  promise 
*""•  ^iitbfju-ion-  reaulU. 

BroiDofonn  has  amesthetic  prfii»ertips  likp  chloroform,  but  is  not  volutile 
'"''"I'l'S  \\.t  Itihalation.  Of  late  years  it  has  been  ust^d  intmially  in  wlns>ping- 
'""-■■  iiud  in  this  ndutitm  it  is  imporUmt  to  remember  that  it  gives  riw  Ui  fatty 
'^ -'ti-iyiion  when  taken  continuously.  A  number  of  cnses  of  alnrniing  pnison- 
^^'»  children  have  been  recordc<l  from  its  n.se.  It  has  also  been  uiied  occa- 
""^allr  in  insomnia. 

^Dial  (CBrj^'OH)  differs  in  several  respects  from  chloral  in  it«  action. 
Ii  uiiuuvls  its  injection  is  followed  by  restlessness  and  excitement,  and  then 
''T*tii|tor,  which  is  often  accompanied  by  dyspntea,  and  en<ls  in  failure  of 
*kf  Tw|.imtion.  or  in  ctinvulsions.     The  pupil  is  much  eontmcted,  and  pro- 


is,  and  is  scarcely  used  in  Llieiapeuties. 
Ciiioreloae  resembles  cidoral  in  most  respects,  but  is  less  liable  to  irritate 
th^'J-jinui  h  and  does  not  appear  to  depress  the  circulation  to  the  same  ex- 
V'cry  large  doses  have  been  swallowed  without  producing  any  luitowai'd 


is  ol>ser\'(Mi.      Il  act-*  ou  tlie  heart  like  chloral  but  is  much  t 


for  some  time  after  the  piuieiit  awakens.  The  mwlnhilitr  urMilplional 
in  water  renders  its  abs«»rption  very  t'h)W  and  iui|wrfeet,  and  sloeji  is 
tliercfore  Into  in  folloM'injr  its  ndministration,  while,  on  the  otiier  hand. 
d('[trt'ssion,  drowsine<8,  and  lack  of  ener^'  ;ire  (iftcn  «iMn|iI.'iin*Hl  of  the 
day  after.  There  is  some  evidence  that  sulpli<»nal  exei'dscs  a  dele- 
terious etl'cct  on  the  liver,  for  the  relation  of  ureji  to  the  total  nitrojreti 
of  the  urine  is  changed  and  the  metal>oliHm  of  the  purine  bodies  is 
als<»  afl(!cted. 

The  use  of  sulphonal,  especially  when  prolouge^l,  hius  le<I  in  soine 
ea.<cs  to  a  series  of  symptom?;,  the  mo.^t  efianieteristic  of  which  is  the 
appoaranee  in  the  urine  of  a  reddish-brown  pij^mt-ut,  Inematoporphyrin, 
an  iron-free  prtiduct  of  the  decomposition  of  htomoglobin*  This  ocGura 
most  frequently  in  ana'mie  women,  and  is  aecompaniwl  by  constipation, 
pain  in  the^itomuch  region  and  vomiting,  weakness  and  ataxia,  confusion 
and  partial  p:tralysi.s,  and  eventually  by  suppression  of  the  urine  or  by 
eoUaprw;  and  death.^  llajniatoporphyrin  fwcurs  in  traces  in  the  urine  of 
the  rabbit  mu'mally  and  in  much  larger  quantities  after  the  animal  has 
been  treated  with  sulphonal  (Neiibaucr).  Its  ajipearanee  in  the  human 
urine  appears  due  to  some  obscure  change  in  the  blood,  and  not  to  de- 
nmgemeut  of  the  renal  functions,  although  in  one  case  the  kidneys  were 
found  to  be  diseasetl,  and  in  animids  the  prohmged  administration  of 
sulphonal  often  causes  albumin  and  rasts  in  the  urine,  while  hemorrhages 
in  the  kidneys  have  been  produced  in  them  by  the  administration  of  only 
a  few  doses.  The  amount  of  liH3tnati»porphyrin  in  the  urine  is  some- 
times very  large  ;  in  one  case  Tyson  and  <-Voftan  found  that  the  quantity 
pa.s**ed  in  one  day  indicate!  the  destruction  of  one  seventeenth  of  the 
total  hannoglobin  of  the  body.  Very  large  doses  of  sulphonal  are  said 
to  produi'c  convulsive  movements  in  animals,  while  ordinary  ones  cause 
sleep  and  sub-sctiuent  dnjwsiness.  Sulphonal  is  decom|>osc<l  in  (lie  l»ody 
and  is  excrctc^i  largely  as  ethylsulphonic  acid  in  tlie  urine,  in  which 
traces  of  the  unchange<l  substance  have  also  l>een  found.  The  decora- 
pf»sition  is  a  slow  process,  however,  for  Xast  found  sulphonal  in  the 
bl(M>d  many  hours  after  its  administration.  The  etiiylsulphonic  acid 
seems  to  have  no  action  whatever  in  itself,  so  that  the  nanxtsis  is  due 
ti>  the  unchanged  molecule  of  sulphonal. 

Sulphonal  M-ems  to  have  some  deleterious  ."iction  on  the  heart  when 
used  fur  long  periods,  and  is  a  much  less  certain  hypnotic  in  ca.s<«  of 
cardiac   disnise   than    in  other   cotiditions. 

Butylchloral.  or  Crotonchloral,  was  said  by  Liel^ircicli  It)  posscs-s  u  specific 
auiilgeaio  or  iiii;L'<thetic  aetion  on  the  nerves  of  the  face  and  head,  hiil  this 
has  l>eea  i^h<iwu  lo  b*^  iueorreet  Ity  v.  Mering,  and,  as  it**  effects  are  idenlieiil 
with  those  of  ehloml  in  almost  all  respucis,  erotoitehloral  seems  entirely 
suj)ertiiiMii>i. 

CMoralaniide,  or  chlonilformamide,  has  been  intrnduced  in  the  hope  that 
the  htiiiiulant  action  of  the  foruianiidp,  whii-h  ih  furmed  by  its  deciini[H:isitioD, 
would  couiit«!raet  the  deprej»ion  of  tJiC  eireulatiuu  eaia^'d  by  eliloru!  aloue. 
From   blood-prcteure   LX|teriui«nt«   it    wuuld    seem    that  cblomlamide    ftilfUs 

*  OceiiMofiiilly  the  h»'iniito]M>r[i)]yrin  nppcai'M  severul  dtiys  iiAor  a  fdngle  dove  of  sal- 
phofuil  or  iif  nlHt>,  sijUii:iimcsi  after  an  inivrval  of  one  or  two  wtH.^k8, 
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V^^    when  given  in  solution  acta  more  rapidly  and  leuvea  no  conftutoa  afler- 

It  IB  prc9<Tihe<l  in  doiies  of  1-2  G.  (15-30  grs.). 

'SulpkonrfHi/tm^tfuirtum  (U.  S.  P.)  /ruwifl/  (CH.-C.H.-C'iBO.C.HjU  resembtea 

Ll\*hoiuil,  but  is  mon-  9f»Iuble  and  has  a  bitter  t*iflte.    D»>>e,  1-2  G.  (15-30  gre.). 

Svtylehiorai  i/»;(/rai   (B.  P.),    or   Croton    chloral  (CH,CHC1CC1,CH(0H),), 

ibl»  chlonil  and  h  preacribed  in  the  same  way,  but  generally  in  amuUer 

>,a-I  G.  (5-15  grs.). 
^^u  Otrbftmnji  (U.  S.  P.),  urcthane  (CO-OC,Hj-NH,),  colorlciw  crystAls, 
rlw,  with  a  cool,  italine  taste,    very  soluble   in  watt'r,   alcohol,  and  ether. 
UifJ.  (15-75  gre.). 
Bf^imiff/nitHm  [V.  S.  P.)  (CHBr,),  a  heavy,  tninsparent,  eolorlcwi  liqnid  with 
t«>  I'lln'rvnl  o«3or  and  a  taste  like  that  ot  chlorofonn,  very  little  soluble  in  water, 
*txi  rradilv  soluble  in  alcohol.      Dose,  0.2  c.c.  (3  mins.). 
ai'rnif/or,nnm!dt,m  (U.  S.   P.),   *"■   chloralamide  (CCI,CHOHNH-COH).   a 
["^hiWirystiiUine  p«jwdcr  with  a  faintly  bitter  taste;  nrencribed  in  powder  or  in 
iluli.ni  in  w:iter  or  spirit.      Dose,  1-2  O.  (15-30  gra.). 
Vonoffici&l. 

T^fottai  resembles  sulphonal  closely,  and  may  be  prescribed  in  the  some  dose 
ABilfonn. 

Jwy/rni  Hydrn*  ((CH,),COHCH,rHj),  a  colorless  liquid  <tf  pungent  tast^",  and 

<»'iaod»r  snmi-'whfit  resembling  camphor.      It  may  be  prescribed  in  ciLpsuleH,  or 

1p(o  10^  in  water  flavori*d  with  liquori(5e  extract     Dose,  3-5  c.c.  (40-KO  minH.). 

Bfiontil,  a  cr\'stii!line  powder  with  a  tn«te   resembling  that  of  menthol,  very 

•  i/.,ii.  MiiubU-  in  water.      D«>s«e,  2  G.  (30  grs.)  in  pnwiler  or  tiiblets. 

'■iif  (L^lM,(.'(CH)|,OH},  colorless  crystulM  with  a  strong  camphoniceoua 
.'Utly  sulublti  in  water,  very  soluble  in  alcohol ;  ft  may  Ite  prescrilied 
ii>  solution  (about  I  jier  cent.)  or,  bettor,  in  t*ibletrt.     Doee,  0.3-1  G. 

■  ). 

MC,H^,C(OOXH),CO,  colorless  cryntids  with  a  faint  bitter  taste,  solu- 

■  '-■'  parts  of  water;  prescrilKvl  in   powderH  or   tablets,  to  lie  dissolved  in 

''I  11  «,iU'r  or  milk.      Dose,  0.3-1  G.  (5-15  grs.). 

-\r'jrj/ia/(CjHj,Br€-COXH,,  crystals  with  a  bitter  tfl.**!*  resembling  that  of 

i(i|,  nuluble  Hi  115  jmrUs  of  water  ;   prcHcribed  in  the  same  way  as  veronal 

idopw  of  0. 5-2.0  G.  (5-30  gra. ). 

/■yro/ I'CjHjCljCHOH),  white  crystals  with  a  camphorareous  odor  and  aro- 
BAticbicing  taste,  Miluble  in  30  parts  of  water  ;  preturribed  in  doseaof  0.5-0.75G. 

Therapeutic  Uses.  —  These  drugs  are  chiefly  used  to  produce  rest  and 

*fecp  in  cawe:^  of  inwimnia  and   In  nlmoHt  every  form  of  nervous  cx- 

cilemeut.     Until   the  discovery  of  the  therai>eutic  value  of  clilnnil, 

o|iium  wa.s  used  in  mo.st  of  these  cases,  and  when  sleeplessness  is  due 

to  jJiiin  it  is  still  preferable  to  the  more  mmlern  reme<lies,  whidi  have 

comparatively  slight  influence  on  acute  pain,  except  in  very  large  doses, 

Etii  in  delirium,  mania  and  convulsions  of  vorirms  kinds,  their  action 

00  the  nerve  centres  is  preferable  to  that  of  opimn,  ertp<'cially  where 

'hese  cdhvtdsions  are  of  spinal  origin  or  of  a  rcHcx  natiii*c  ;    thus,  in 

itrychnine  jjoisoning  and  in  tetanus,  chloral  is  of  great  value,  although 

the  former  it  may  have  to  be  reinfonsMl  by  ehloroftjrni  during  the 

mvulsions.     In  delirium  from  fever  or  from  unemic  intoxication  and 

rausp9,  comparatively  stnall  diises  often  pro4ltire  Tno.st  satisfac- 

Its,  and  in  various  spasmodic  aflfeetions,  such  as  cough,  asthma, 

ireie  movemeuts,  it  is  exceedingly  useful.     Chloral  has  also  been 

IvinetJ  to  lessen  the  pains  of  labor, 

^(o$t  of  the  soporifics  have  been  used  more  or  less  extensively  as 
13 
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hypnotics  in  tiunple  in^jninia  aud  in  insaQitv,  but  when  the  dif^ini 
aacv  at^times  a  more  violent  character  there  is  a  disposition  tu  rrtun 
to  the  n.^  nf  rhloral,  as  at  once  the  speediest  and  Hurest  remedy  of  c!m 
whole  fjn»up.  Mlicn  tliere  is  any  reason  to  sus|)ect  fatty  degeueratiiw 
of  the  heart,  however,  *v>nie  hypmitie  wliioh  <ioes  not  w>ntnin  chlomie 
ought  to  Im*  «ubstitnte<l  for  it,  and  |ianiKlehyde,  sulphonal,  heiiooal 
and  ven>nnl  have  been  introduced  in  succession  to  supply  the  D(ii- 
Chloral  i-*  often  prewriljed  alon^  with  o])inm,  and,  wlnen  thus  runi' 
hitic<l,  ^niuller  4]uuntities  of  each  drug  arc?  ni|uire<l  than  woulil  k 
necessary  if  either  were  preHoribed  ah>ne,  and  the  sleep  foHowip); » 
very  drep  and  n*stiul.  It  in  aIi?o  used  very  often  to  reinforce  tk 
actiun  of  the  bromides. 

Other  Narcotics  which  for  some  pnrpf>se3  may  he  ^ubstttuteil  for  the 
memhtTH  of  tht-  ehlond  frmup  are  alcohol,  opium  and  it*  alkaloid?, 
bromides,  hyoscine  and  cannabis  iudica. 

Chloral  lias  been  used  externally  as  a  counter-irritant  and  antiseptic* 
bat  is  more  expensive  than  many  other  equally  efficacious  rcineifi<s- 
Chloretone  solution  is  an  efficient  local  anaisthetic  on  woundwl  sur- 
faces, and  has  been  recommended  in  cases  of  gastric  irritatiun  a"" 
voniitinjr,  which  it  relieves  by  pandyzing  the  terminations  of  these'* 
sory  nerve.-*  in  the  raucous  membrane  of  the  i«tomuch 

In  cases  of  acute  PoiBoning  with  chloral  the  treatment  consists  >' 
the  immtnliate  evacuation  of  the  stomach  by  the  stomach  tube.  EmC* 
ics  are  of  loss  value  ovviug  to  the  depi^ssion  of  the  medullary  centre^ 
The  patient  ought  to  l>e  kept  warm  and  eaffeine  or  strychnine  mav  !> 
given  as  a  respiratory  stimulant,  while  the  complete  failure  of  tl* 
breathing  has  to  be  met  by  artificial  respiration.  In  acute  |H>isoDinj 
witli  the  other  members  of  the  series  the  same  general  treatment  is  tl 
be  applie<l,  but  the  prognosis  is  muuh  more  favonible  than  after  cldoral 
in  one  cane  in  which  100  (J.  of  sulplional  were  swallowetlj  the  recov 
cry  was  attributed  by  the  attendauL  j)liysiciau  Ut  copious  enemaia  o 
water.  In  chronic  poisoning  with  sulphonal,  the  withdrawal  of  tli 
drug  is  genenilly  all  that  is  retjuired.  In  the  chloral  habit,  the  will 
drawal  has  to  be  gradual  and  it  may  be  necessary  to  send  the 
to  a  retreat. 
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n.     STRYCHNINE  — NUX   VOMICA. 

!:iine   is   tlic   chief  alkaloid   occurring  in  scvcnil   s|>rcie8  of 
>,  of  which  the  l)est  ktmwn  are  Strychnos  niix-voniica  and 

><nclimM  Igiiatia.     It  is  found  chicHy  in  the  Keedn,  and  is  generally 

woospQuied  by  tlic  nearly  related  alkaloid  Hmcine. 

Ataf^Tp  niiml)or  of  alkaloids  have  been  found  lo  resemble  strj'chnine  in 

l^ idi«>i>. rtuob  iwtlie  Thfbu'tur  found  in  opium,  tliefrV/wmi/K-ofGclseinium 

•Trtifr.lrrnt*,  uud  the  Calaharine  of  the  Calabar  bean,  while  it  is  difficult  to 

-clfarr  fltrverul  others  ought  to  be  elasawl  with  morphine  or  with 

f<ii;vhniDr  !tcoiii«  to  be  a  qninoline  derivutive,  nlthough  its  exact  eonati- 

^rtfn  H   imkufiwu.     Ila    formula    ia  C.,H„N,*>j,  while  that  of  bnu-ine  ig 

'        Tht'v   are   bt>th   derivativea  of    a  Hubstancc  of  the   formula 

I'nu'ino  difPering    from   t^trychnimi    In    having   two   methoxyl 

•  HIS  not  unlikely  that  lhi>v  are  both  nearly  related  to  cura- 

>'id  uf  cunira,  which  Is  derived  from  some  other  Hpecie»  of  the 

[(uuwdU^xhuos. 

The  alkiiloids  of  the  strychnine  group  have  a  powerful  stimulant 
i*»n  «»n  the  central  ner\'ous  system,  especially  on  the  spinal  cord, 

lumt  l!ic  vrrtelirate  kinj^tlom. 
Sraptoms. —  In  ordinary  therapeutic  doses  strychnine,  like  other 
itibntanoert  ([loge  55),  improves  the  appetite  and  oi\en  leadn  to  a 
tratiou  of  the  subjective  symptoms,  the  patient  feeling 
'more  ho]>efnI.  The  pulse  is  generally  slower  and  the 
'  ss  c«^!nprc9silile.  The  HiKvial  seuftca  are  n-udcred  more 
.uU  quantities  of  strychnine,  for  differences  can  be  recog- 
»«d  bHvccn  shades  of  color  which  seem  itlentical  to  the  normal 
nwii;  tht?  field  of  vision  is  widened,  and  in  certain  conditions  of 
MifaJToptti  light  is  rendered  much  m«>re  distinct.  In  the  same  way 
1^  iMviag  fleems  to  be  more  acutOj  and  the  sense  of  touch  is  much 
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more  delicate.  Some  cases  have  lK?eu  noted  in  which  disngreenhle  odon 
were  rendered  pleasant  by  strychnine,  but  this  would  seem  to  be  a  rare 
idiosyncrasy.  In  cases  of  poisoning  with  strychnine,  tlie  first  syui|)- 
tora  is  often  a  more  acute.  percx»ption  of  external  oljjects  by  the  senst-s, 
especially  by  the  sense  of  touch,  but  this  is  nut  generally  observed  by 
the  patient,  whose  first  w)raplaint  is  of  a  feeling  of  stiflness  in  the  mus- 
cles of  the  neck  and  face.  This  la  soon  followed  by  an  increased 
refiex  reaction,  so  that  a  slight  touch  causes  a  violent  movement,  and 
even  a  sound  or  a  current  of  air  is  sufficient  to  cause  a  sudden  starL 
The  increased  reflex  irritability  is  generally  accompanied  by  some  rest- 
lessness, and  animals  sometimes  seem  to  make  atti.^mpts  to  escape  front 
bright  liglit.  Some  tremor  or  involuntary  twit4^he8  may  be  observed  in 
the  limbs,  and  then  a  sudden  convulsion  rwcurs  in  which  all  the  musdeA 
of  the  body  are  involved,  but  in  which  the  stronger  extensor  muscles 
generally  prevail.  In  animals,  the  head  is  drawn  Irnck,  the  hind  limbs 
extended,  and  the  trunk  forms  an  arch  with  its  concavity  backward 
(opisthotonos)  (Fig.  13).     In  man^  the  same  convulsions  are  seen  aod 
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A  rebbU  during  a  strydinlDe  ihmivuIbIou. 


are  accompanied  by  strong  contraction  of  the  face  muscles,  pnxlucinj 
a  hideous  grin  which  has  been  called  the  risus  sardonicus.  The 
pirjitory  muscles  are  involved  in  the  general  paroxysm  and  the  blood 
rabidly  becomes  deoxygenaled,  as  is  shown  by  the  blue  cyanotic  ooloi 
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A  rabbtl  wbeo  tbc  •trychnioe  BpMm  In  pustn^  niT.    The  hnd  U  *u|i[M>rteil  to  proroat  [I  fklHtig  on 

ihc  latilo. 


of  the  lips  and  face  in  man.     The  muscles  feel  hard  and  firm  at  th( 
eommeuL'ement  of  the  convulsion,  but  very  soon  a  tremor  may  be  mnd( 
out,  whicli  Iweijmes  more  distinct,  and  after  a  few  intermittent  contrat 
tion&  the  animal  sinks  back  in  a  (H>nditiou  of  prostration  (Fi^.  14),    Tl 
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Irttion  generally  returns,  and  becomes  fairly  regular  for  a  short 
Immediutely  after  a  convulsion  tlie  reflex  irritability  may  be 
,  but  it  soon  regains  iU  former  exaggeratctl  eondition  and  a  second 
vulsion  occurs,  exactly  resembling  the  first.  Mammals,  an  a  gen- 
j^Tule,  Buecuuib  after  two  or  three  convulsions,  the  respiration 
to  return  after  the  spasm.  In  Home  cases,  however,  the  cou- 
me  sliorter  and  the  intervals  of  quiescence  longer,  the 
trfttioD  becomes  weak,  the  reflex  irritability  gradually  lessens 
the  animal  dies  from  asphyxia.  In  frogs,  where  the  breathing 
Q  1»  di.*|>ensi^l  with  f(>r  long  periuls,  the  alternation  of  convul- 
ioos  and  periods  of  tjuieseeuce  may  continue  for  hours  or  days,  but 
ire  of  the  same  general  character  as  those  described  in  mammaJs. 
kfier  very  large  quantities  no  wmvulsions  may  occur,  the  animal  dying 
ilimwt  immediately  of  aspbyxia  from  panilysis  of  the  central  nervous 
lyatpin. 
ictioa. — Tlie  whole  character  of  the  intoxication  points  to  an  affection 
f  the  Central  Nervous  System,  ant]  it  has  been  found  that  the  symptoms 
Bfr  unaltered  when  the  drug  is  preventetl  from  reaching  the  peripheral 
flervcs  an<i  must^les.  The*  chief  symptoms  arise  from  the  spinal  conl, 
for  the  convulsions  arc  at  least  as  well  marked  in  frogs  and  mam- 
UttLi  in  which  the  brain  has  been  destroyed  or  severed  beh)\v  the 
neHnlU  oblongata.  At  the  same  time  the  braiu  is  also  believed  to  be 
affYtfxI,  though  to  a  less  degree.  The  intellect  in  man  remains  un- 
clomiwl  until  the  end,  except  for  the  asphyxia  produt^cd  by  the  stop- 
iwgp  of  the  respiration  ;  the  patient  is  perfectly  cttnscious  of  his 
Wndition,  and  suffers  excruciating  |>ain  from  the  violent  contractions  of 
ibemoflcles.  It  is  said  that  the  increast»d  reflex  may  be  iubibitcd  to  a 
wrtaiii  extent  by  the  will,  but  during  the  convulsions  no  strength  of 
*'ll«in  cope  with  the  irritability  of  the  spinal  cord. 

Tlw  special  senses  are  rendered  more  acute  by  small  doses  of  strych- 
oiDt,  and   this   is  apparently   <lue  bi   its  effects   on   the  central   ner- 
'"«« system  in  the  case  of  touch,  taste  and  smell,  but  there  is  reason 
hi  believe  that  the  increase   in  the  field  of  vision  and  the  increased 
«i)?itiv('ncss  to  slight  differences  in   light  arc  to  be  attributed  to  its 
if^tiiig  on  the  cells  of  the  retina  an<l  not  to  cerebral  changes.     For 
wlwii  jitr\-chnine  salts  are  injecte«l  in  the  temple  or  applied  to  the  con- 
junctiva, the  sight  of  the  corresponding  eye  is  improvetl  while  the 
othpT  ivmains  imnffectiMj  (Filehne);  if  the  stryclniine  acted  centrally  it 
would  do  st»  only  by  being  carried   to  the  Urnin  by  the  blood,  but  this 
affect  each  hemisphere  equally.     The  aftection  of  one  eye  only 
plained  by  the  strychnine  diffusing  thn»ugh  the  lymph  spaces,  and 
*  lii  nai<l  to  have  occurre<l  in   the  cjise  of  various  dye.s  which  were 
■ppli«i  in  the  siime  way  and  were  tiieii  fiPimd  in  the  retina. 
■As  TT^rds  the  effects  of  strychnine  on  the  motor  areas  of  the  brain 
nif  difference  of  opinion  exists,  although  the  majority  of  thope  who 
Tt  investigated  the  subject  hold   that  the  irritability  of  the  motor 
of  the  cortex   is   distinctly    increase*!    except   during   a   a>n- 
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The  convulsions  arc,  as  has  been  stated,  of  spinal   origin.     It  li« 
been  shown  in  ndilition  tliat  they  are  reHex,  tliat  providecl  no  stioiiilis 
reaches  the  cord   iVum  without,  no  convulsion  occurs.      As  lia^  bn« 
already  remarked,  the  ctinvulsions  are  preceded  by  a  stage  of  iucrewd 
reflex,  antl  in  iuct  the  tirst  eonvulsiim  ia  often  seen  to  follow  a  j^limiiliB, 
such  as  a  lilow  or  a  loud  noise.     Afterwanls  they  may  seem  lo  i>«:ur 
without  any  such  impulHe,  hut  this  is  merely  because  a  very  &h)j;lii«r 
even    im|>erceptibh*   stimuUis    iH    enough    to    induce  them.     For  v.\- 
ample,  a    slight   contraction   of  a  muscle  may  induce  a  codvhIswb, 
as  is  seen  very  frenuently  in   the  fn>g,  where  a  very  slight  slimuius, 
in  itself  apparently  too   weak   to  cause  a  convulsion,  is   follmvcl  i*v 
an  ordinary  reflex  contraction,  and   this    leads    to  a   spasra.     Tbt 
absence  of  convulsions  when  external  stimuli  are  cut  off  may,  httir- 
ever,   be  demonstrated  conclusively  in   various  ways.     Thus  PouU* 
son  found   that  a  frog  dippe^l   in  cocaine  solution  underwent  no  cos- 
vuisions  after  strychnine,  the  cocjiine  used  being  snftirient  to  paraint 
tlie  sensory  terminations,  but  not  to  have  any  diix*ct  effect  on  the  n)TiL 
CMaude  I^rnard  showed  this  even  more  conclusively  by  dividing  all 
the  p*>sterior  nwlH  of  the  spinal  nerves  in  tke  frog  and  then  injwtiuj; 
strychnine,  when  no  convulsions  occurred  except  when  the  cndsuftbf 
cut  roots  were  stimiilaled.     The  convulsions  theretbre  follow  onlyoo 
tlie  passage  of  an  itupulse  from  without  to  the  spinal  cord,  ant)  «rv 
merely  a  further  development  of  the  preceding  stage  of  exai'      '  ' 
reflex  irritability.     The  characteristic  feature  of  strychnine  pi 
is  thus  the  response  to  external   stimuli.      In   the   un|>oisoned  animal 
the  reflex  movement  following  a  slinnilus  is  always  of  the  same  kimll 
for  example,  if  the  leg  of  a  decapitated  frog  be  dippe<l  in  acid  it  niat''^ 
certain  movements  to  withdraw  the  limb,  and  no  matter  how  ofttn  tk 
irritation  be  repcatwl,  the  same  movements  are  produced,  thougii  it  ^ 
true  that  if  stronger  acid  be  used  the  movement  is  more  vitilent  and  » 
greater  number  of  muscles  are  involved.     In  this  movement  ct*rtaio 
muscles   c<>utract  while  their  antagonists  are  inhibited,  for  example 
in  drawing  the  toe  away  from  an  irritant  the  anterior  muscle?* of  the  le^ 
contract,  while  the  gastmciiemius  is  relaxed.    The  same  irritation  whicU 
pntduced  In  the  un|Mjis(Mied  aninml   a  simple  withdrawal  of  the  lirot* 
causes  after  strychnine  stronger  and  more  extensive  contractions,  nw* 
the  movemerit  is  not  confine*!  to  the  two  hind  legs  but  spreads  over  the 
whole  Iwdy.     All  the  muscles  contract  together,  there  being  no  in- 
hibition of  antagonists  and  the  result.int  movement  has  thn>  ipiitc  adif- 
feixnit  character;  thegastroctieniins  I>L'iiig  stritngerthan  the  anterior  1 
muscles,  the  foot  is  extended  and  thrust  ag:nnst  the  irritant  instead  o' 
being  withdrawn  fn>m  it.     When  an  external  stimulus  is  sufficient  to 
cause  a  convulsive  movement  in  a  poistmed  animal,  the  contraction 
always  maximal  ;  a  stronger  stimulus  produces  no  greater  effect.    It  musi 
be  remarked  that  the  reflex  resptjiise  to  different  forms  of  stimuli  is  uol 
equally  altered  by  strychnine.     Tlie  irritation  of  the  frog's  foot  bv  verj 
slowly  acting  snl>stance8,such  as  dilute  acids, may  U*  folhtwe*!  by  an  ordi- 
nary reflex  movement,  while  a  sudden  shock  causes  a  violent  couvulsio 


IS 


SmVCHKINE—ifUX   VOMICA. 


199 


Fio.  16. 


^ 


ctkUod 


tKD 


^s^.=£ 


attempts  have  been  made  to  define  the  exact  seat  of  the  strych- 
RiiH'  aotitm  iu  the  spinal  cord  and  although  the  question  is  not  abso- 
luiely  deteroiined,  there  arc  strong  grounds  for  the  belief  that  tlie  cells 
«f  the  anterior   horn  are  not  necessiirily  involved  in  the  strychnine 
■"        I'i,r.  15.)     For  when  strych- 
i-  .J  I  iird  in  iiolution  to  the  corti  of 
liiefmg  at  the  level  of  the  cells  connected 
villi  the  nerves  to  the  fore  limbs,  irrita- 
tiiA  i>f  the  foot  produces  an  ordinary  re- 
>p)D¥e  in  (he  hind  limbs,  while  the  anter- 
ip>rpart  of  tlie  b«jdy  remains  motionless  ; 
that  is,  strychnine  has  not  jx^netrated  to 
tbpn'lls  connect«l  with  the  hind  limbs. 
Irritation  of  the  fore  limbs,  on  the  other 
hand,  produces  tetanus  not  only  of  these, 
kt  aU>  of  the  hind  limbs,  altliough  tbt* 
motor  cells  of  the  hind  Hmbs  have  been 
shown  to  be  outside  the  poisoned  area. 
ctimus  cnn,  Uierefore,  be  pnxluced  in 
e  moti>r  cells  are  unfHnisoncd, 
increascii   strength  of  the  con- 
would  lieem  to  point  to  an  afTec- 
of  these   cells.     The  explanation 
tnr  be  that  the  impulse  reaching  the 
wll    is   stronger,   and    that   the 
simply  transmits  this  more  power- 
im|»ulse  XLA  it  would  a  weaker  one. 
A  tbtory  that  covers   the    phenomena 
hitherto  rtHUguiztil   is  that  the  impulse 
trtvi'ling  up  a  nerve  in  an  unpoisoued 
frig  may  pass  through  a  large  number 
fif  paths  in   the  cord,  but   meeta  with 
tvoBCaooe  in  all  save  one.     It  therefore 
ytmtn  along  tl)e  path  of  least  resistance, 
ttd  pmdiioes  a  definite  result  by  acting 
m  t  fixrd  aeries  of  nerve  cells.    After 
cnrclmine  the  same  impulse  reaching  th< 


niagram  of  tbe  iiiiiial  cord  of  Ihr  frog. 

A-B,   tbe   part   uf    ttie  ctiH   rxii^nked   to 

•try  chili  tic      B-V,   th«  un*l1'et'(i-<l    Kottc. 

I  ^1        11  .1  t  II  ]      An  iiuiiulse  reactilLg  the  coril  lliiouuli  the 

Ota  llMs  nil  the  jtatli.s  e<{Ually  easv,  and,  t^untry  sbrc  /:pji^-u^  t«  ibc  muiur'  cciu 

dbirfoi^,  divides  and  aflVrts  a  very  much  .'r„V:;V^r„T.r."u '."S  "/r.^o" 

ki^cr  number  of  motor  cdk.     At  the  iL'-'.^Il^^Lr^i'.^llKr.hJ^^/.hX'h'ni 

■MUmc  lc*«  energy  h  spent  iu  passing  ^n.r./ur.Kr.S'^ujr.S't'Tt" 

Hinuni  rvnislaoce,  a  irreater   force  re-  «""»'>'  cciin  /•'  y,  whicii  arc  uodi-r  the 

.  ^       ,  111  11         lofiuptut'  of  thr  (njiMiii,  Imt  Blsrt  ill  lh"^e" 

■ilUi  to  lie  CXpt'llllod  on  the  motor  cells,  nippll(«l  yy  PK  which  have  bceit  ahowti 
_„j.m  1  .  •       ^i  £•  to  M  frt«  irotii  the  utrTchnloe  action. 

^MtasBiaacular  movement  is,  tnereiore, 

mA  exaggerated.  It  is  quite  impossible  at  present  to  state  the  exact 
p«M  at  which  strychnino  removes  the  resistance  to  the  passage  of 
*»l"d*«».  It  docs  not  sci*ni  located  in  the  cells  of  the  anterior  horn,  for, 
K  BM  been  mentioned,  tetanus  may  be  elicited  when  they  are  certainly 
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not  affected  by  atrychuiue.     Oa  the  other  hood,  the  cells  of  the  spiinl 
ganglion  are  not  requisite,  for  stimulation  of  the  posterior  rootscisii[i 
tetanus  in  Crog-s  poisoned  with  strychnine,  in  which  liie  section  o!'  iJie  rvit 
has  thniwu  the  spinal  gnngUou  out  of  action.     The  poison  musi,  dii^ 
fore,  act  at  some  point  between  the  entrance  of  the  sensory  root  intolliu 
cord  and  the  motor  cells.*     It  must  be  remarked  that  wFiile  the  rfci.!* 
anoe  is  much  rcdutrcd,  it  is  not  entirely  removed  and  theordiniir 
is  still  somowliat  more  easily  traversed  than  the  othery,  for  wv)  ■■'■■ 
irritation  often  causes  an  ordinary  reflex  response   in   the  frog,  wliilr 
slightly  stronger  stimulus  throws  it  into  opisthotoniis.     Ruglioni  lias 
recently  shown  that  a  Hingle  stimulus  is  not  suflScient  to  cause  mraplott? 
tetjinuw,  hut  tliat  tlic  movement  induced   hy  the  first   shixrk  li-ad*  tc^ 
secondary  stimuli  arising  from  the  joints  and  tendons  whirh  are  moved  ; 
the    arrival  of  tliese   secondary  stimuli   in  the  cortl  maintain8  it  »•* 
activity,  and   the    muscles  conset|nently  remain  eontraete<l  until  tl»* 
cord  is  fatigued  and  refuses  to  react  to  the  persistent  stimuli  from  itr*^ 
|)eriphery.     The  muscles  then  relax  and  an  interval  of  quiescence  fi>^ 
lows  until  the  cord  has  recovere<l  its  irritability. 

Besides  the  spinal  cord,  all  other  regions  in  which  simple  reflex  ca-^ 
be  produced  are  aflected  by  strychnine.     Thus  the  medullary  cenip^^ 
are  thntwu  into  the  same  condition,  and  their  responses  to  s(imnli  ar*  *] 
equally  exaggerated  ;  but  tliey  are  in  constant  receipt  of  impulses,  an^^ 
strychnine  by  increasing  the  efliciency  of  these  augments  the  tone  o*--4 
the  mtnlulla  oblongata,  when  it  is  given  in  small  quantities.     The  in — j 
creased  activity  of  the  higher  reflex  areas  may  in  fact  lesson  or  inhihil^^ 
the  irritability  of  the  cord,  so  that  the  reflex  response  from  the  latter^ 
may  be  strengthened  by  the  removal  of  the  brain  and  medulla  obloo- 
gata. 

Artificial  respiration  has  been  shown  to  delay  the  onset  of  convul- 
sions in  animals,  but  it  is  still  an  n|ien  question  whether  tliis  is  due  to 
the  better  at-rntiitn  oC  the  bloml  (Osterwald)  or  to  the  effects  of  the 
mechanical  movetiK'uts  (Gies  and  Meltzer). 

The  stimuhition  of  the  spinal  cord  by  strychnine  is  followed  by  de^ 
pression  and  paralysis.  Even  during  the  first  stage  the  stimulation  i» 
mixed  with  depression,  for  though  a  more  violent  response  is  indut^etl 
by  a  sensory  Hlimuliis,  this  cannot  he  re[M'ut<Hl  so  often  as  in  tl»e  nor- 
mal frog,  as  the  cord  becomes  fatigued  more  readily.  The  sensory  i>art 
of  the  spinal  coni  seems  to  be  paralyzed  somewhat  earlier  than  the 
motor  cells,  but  these  also  lose  their  irritability  after  a  time  and  no 
further  movement  can  be  elicited  either  by  reflex  or  by  direct  stimu- 
lation of  the  cord. 

Str\Thnine  seems  to  have  no  direct  action  on  the  voluntan,'  MoBcles ; 
it  is  stated  that  minute  quantities  increase  their  tone,  that  is,  render 

'The  nuclei  of  ihe  cells  of  the  anterior  horn  in  tlie  spninl  corJ  have  been  fonnd 
somewhat  piilnrjjeil  in  frogs  poiwmwl  wilh  »tn,-uhnine,  but  this  is  nWrvec!  aln«_»  wfter 
electric  stimulation,  luid  seems  to  indinite  hypemctivity  of  the  cell,  which  need  not 
ne<!es«inly  be  diu-  lo  direct  action  of  the  {wition  on  it. 
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tliciu  more  teoae,  so  that  they  are  prepar(>d  for  immediate  (H>ntraction, 
\mt  this  Is  due  to  action  on  the  coH  and  not  on  the  niusrie  fibres. 

The  Temmuktions  of  the  Motor  Nerves  are  paralyzed  by  large  doses 
of  atrychniDe  in  the  same  way  as  by  curara.  This  effect  h  scarcely 
leen  in  mammals,  aa  central  paralysis  always  precedes  it  and  destroys 
life,  but  in  8ome  species  of  frogs  the  nerve  ends  are  paralyzed  Iwfore 
wntml  nervous  system.  This  [wirulysis  \&  not  due  to  the  exhaus- 
of  ihe  nerve  ends  through  the  tetanus,  but  is  u  direct  action  on  the 
tmQiualinDSf  although  the  exiiaustion  may  contribute  to  the  ret=ult. 

Tlic  Respiration  i*  quickened  and  deepened  by  small  quantities  of 
utrTcluiiije,  eKpe^Mully  when  the  centre  it*  depr(»sKed  by  the  pn.'vioua 
iciministnition  of  a  narcotic.  I*uring  tlir  cf>nvu!^ions  the  Ijrcathing  is 
amstwl  l>y  the  violent  contniction  of  the  (liaphmgm  and  tlie  other 
fwpiralorj'  muscle:^,  but  during  the  interraissions  it  continues  fairly 
"Bgolar,  After  one  or  two  spasms  it  often  fails  to  he  reinstated,  and 
w«  animal  dies  of  asphyxia  ;  in  other  experiments  it  undergoes  a 
K^d\iji\  diminution  in  nite  and  strength,  and  eventually  ceases  from 
PT»tiual  |iaraly.sis  of  the  centre. 

Fio.  16. 


^^  "^^''-pnuuro  tracing  of  a  cat  under  itrrchDlQA,  showing  tb«  marked  rbo  during  a  »i>aiiu. 
A,  quiflscvufxi ;  B,  cuuvulitlon  mmiueDciug. 

4^fttig8  very  large  quantities  slow  and  weaken  the  Heart  by  direct 

^    'on,  but  in  manimal.^*  it  is  not  directly  affectwi  by  strychnine,  tliough 

iff*'  itimulatioD  of  the   inhibitory  ceutre   leads  to  a  sliglitly  slower 

rhythm.     Occasionally  acceleration  of  the  heart  is  seen  during  and 

afl^T  a  convulsion^  and  this  is  probably  dut^  to  the  nuisculur  exertion, 

and  omy  1^  compared  to  that  seen  after  violent  movements  in  ordinary 

Hie,     The  stimulation  of  the  Vaao-motor  Centre  leads  to  a  constriction 

of  the  peripheral  arterioles.     Strychnine  in  sjiuill  quantities  therefore 

lows  (he  heart  and  raises  the  bloo<i-pressuiv,  unlusrt  in  exceptional 

cases  wher*?  tlie  slowing  of  the  heart  is  so  great  as  to  counteract  the 

MOtraction  of  the  arterioles. 


<  AocordiDg  to  Impera  (Arch,  inteniat.  de  Pharmacodyn.,  VT.,  p.  156),  this  ocean 
tUe  nbbii  oDly  when  mtflScient  strychnine  is  injected  to  cause  spiuni!). 
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Duriog  tJie  convulsions  the  blood-pressure  is  raided 
licifriit,  |»arily  owin^  to  thn  ju-tivity  of  the  vaso-motor  centre  ami  ]«(i 
haps  partly  from  the  blood  being  presisetl  out  of  the  alidominal  orgai 
and  the  muscles  by  their  violent  contraotion.  Immcdiiitely  afUr 
convulsion  the  blood-pressure  falls,  probably  from  the  exhaustion  <:i 
the  eeutre.  The  bloo<l-pressure  remains  elevated  mueh  lon^^r  in  riiP 
rized  than  in  uncurariztxl  animals,  which  woidd  seem  to  indiwitt-  ih 
the  fall  in  pressure  is  partly  due  to  the  substances  pnxluced  by  mt 
cular  activity.  The  constriction  seems  to  affect  maiuly  the  intern 
vessels,  while  those  of  the  skin  and  |M»rhaps  of  the  musolce  are  diltiu 
and  the  blond  current  is,  therefore,  dt-tlected  largely  from  the  iuton 
organs  to  the  skin  and  limbs.  The  cause  of  the  dilatation  of  tht 
vessels  is  probably  stimiilatum  of  vaso-tlilator  areas  in  the  malulla. 

The  heart  continues  to  beat  long  after  the  breathing  hn*  ceased,  ai 
if  artificial  respiration  be  had  recourse  to,  may  remain  active  an  i 
definite  time. 

lu  the  Alimentary  Tract,  strychnine  has  the  same  action  as  any  otb 
bitter  substance,  and  it  produces  a  flow  of  saliva  and  increased  appcti 
if  taken  before  meals.  (See  Stomachic  Bitters,  })Age  55.)  It  seer 
to  be  absorbed  from  the  intestiue  mainly.  After  al>st»rpti()ri  it  prohab 
increases  the  activity  of  the  central  ap|>aratus  regulating  the  moveme: 
of  the  bowel,  but  the  results  lu  man  and  in  most  auimals  have  not  bet 
ascertained  with  exactness. 

Metabolism.  —  Stryclmine  produces  an  enormous  activity  of  the  mo 
cles,  and,  therefore,  increases  very  greatly  the  oonsumptiou  of  oxj-g^ 
and  the  output  of  cjirbonic  acid.  This  increased  excretiou  of  carboa 
acid  occurs,  though  to  a  less  extent,  even  wlien  the  muscular  contni 
tion  has  been  previously  eliminated  by  curara,  and  must,  therefore,^ 
due  in  part  to  the  contraction  of  the  involuntary  muscle  of  the  VI 
cular  walls  and  perhaps  to  the  increased  metabolism  of  tlie 
uervt^us  syst^^m. 

The  uugmeiitatioa  of  the  oxidation  in  the  tissues  is  acoompanii 
an  increased  formation  of  heat,  which  would  lead  to  a  rise  in  the 
perature  of  tlic   ImhIv  were  it   not   cijunteractctl  by  an  equal  or  eT 
greater  increase  in  its  dissipation  thmugli  the  skin.     The  result  of 
interaction  of  these  two  factors  is  that  in  spite  of  an  increased  wi 
production  the  internal  temperature  is  generally  lowered  in 


he  VI 

I 

ni^ 
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while  a  slight  rise  in  the  thenuometer  is  sometimes  seen  in  dogs 
cats.     The  skin  temperature,  on  the  other  hand,  rises  cousider«l 
because  more  blood  Hows  througli  it  titan  usual. 


'w«B 


In  the  frog,  tlie  admiuistratioa  of  strychnine  is  often  folloi 
glycosuria.  This  does  not  seem  to  occur  in  adult  mammals  but 
sometimes  observe*!  in  young  dogs,  in  which,  as  in  frogs  at  certi 
seasons,  there  is  a  large  accumulation  of  glycogen  in  the  liver.  Denu 
states  that  strychnine,  even  in  small  quantities,  causes  the  glycogen 
the  liver  and  muscles  to  disappear ;  the  incrtuised  nniscnlar  movemi 
and  the  disturbance  of  the  respiration  are  probably  the  cxplauation 
both  of  these  phenomena. 


/ 
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Jkrychnine  is  eliminated  in  the  urine  chiefly.  lU  excretion  begins 
»wu  after  iu  injection,  but  is  exceedinj^ly  slow,  and  tbii  reaction  is 
often  given  by  the  urine  for  3-8  days  afterwards.  Traces  of  the  alka- 
loid aim  uppejir  in  the  stomach  after  its  hypodermic  injection,  and  it  is 
not  iiu])n:»huble  that  some  of  it  undergues  oxidation  in  the  tissues. 

The  statement  that  a  tolerance  can  be  acquired  fur  strychnine  when 
ilii  given  for  some  time  lias  been  proved  quite  incorrect  (Hare). 

The  nctioD  of  strychnine  is  almost  idcutical  throughout  the  vertebrate 

kionlouL    Man  ib  more  susceptible  than  other  mamDmls,  and  young  ani- 

Baeanmore  refractory  tlian  ailulu,  perhaps  owing  to  the  Icsa  developed 

^    ' ':  i!  of  the  central  nervous  system.     The  domestic  fowl  tolerates  com- 

>  bu'ge  quantities  without  symptoms.     Among  the  invorlobrales, 

ion  to  strychnine   seems  to   vary   eunsiderably  ;    in  the  medusae 

■h-.  of  increased  irrit^ibility  and  typical  convulsionfl  are  produced  by 

(it^),  while  in  the  crab  slightly  increased  movement  may  be  ob8er%'ed 

lily,    but   the  chief  cflect  seems    to  be    depression    and    eventual 

r-'-'}pis.    The  snail  is  said  to  be  practically  immune.     The  temperature  of 

^(Uiinalhas  some  inftuenee  on  the  action  of  the  {Kiison,  for  frogs  react 

■We  ftadily  when  heated  than  when  kept  in  the  cold,  the  heat  seeming  to 

"WWaolhe  aclivily  of  the  central  nervous  system. 

Brodne,  the  second  alkaloid  of  nux  vomica,  resembles  strychnine  closely 
'*  iictiyn  but  is  much  weaker,  from  30  to  40  times  as  large  a  dose  being  ro- 
HOirtMi  to  produce  the  same  elTect.  It  diflfers  from  strychnine  also  in  pftssess- 
'1^  a  much  more  [powerful  actiou  on  the  aerve  termiimtious  involuntary 
""^le,  especially  in  some  species  of  frog.  It  is  credited  with  weak  local 
■'^'wtlietic  properties. 

^^btrine  and  gelsemine  are  chiefly  of  interest  as  impurities  which 
^"ir  Along  with  the  more  important  alkaloids  of  tlie  Qilabar  bean  and  of 
wlaemiuui,  while  thebuine  forms  a  connecting  link  bcLween  the  opium  alka- 
'oids  and  strj'chnine,  and  will  be  discassed  along  with  the  morphine  scries; 
"  »eeiii3  to  stand  midway  between  strychnine  atid  bnicinc  in  toxicity. 

PREPAHATIONS. 

Nux  Vomica  (U.  S.  P.,  B.  P.),  the  seeds  of  Strychnos  nux-vomlca,  contains 
).9-2  percent,  of  strychniue  and  0.7-1.5  per  cent,  of  brueiue,  along  with 
^hoin,  which  gives  a  dark  green  coloration  with  iron  salts.     The  powdered 
***n  is  occa»ionnlly  preftcril>ed  in  doses  of  O.OR-0.25  U.  (1-4  grs.). 
ExTRAcruM  Nrcis  Vomica  (U.  S.  P.,  B.  P.),  0.015^06  G.  (J-1  gr.)- 
f^^vutfjirtirftim  Xurii  Vmuior  (V.  S.  P.),  0.06-0.3  c.c.  (l-A  mins.). 
"*'*'fn/rarfuin  XnciM  Vomicfr  Ltqttidum  {ii.  P.),  1-3  mins. 
Tl3«TrRA  NroiH  VrtMic.*:(IT.  S.  P..  H.  P.),  O.-l-l  c.c.  (5-15  mina.). 
«3r5rA(t,N„  (V.  S.  P.,  B.  P.),  0.002-0.004  G.  (^Wti  ?^->- 
ievriixiv.E  NirnAS  (U.  8.  P.),  0.002-0.001  G.  (^n-rV  K''-)- 
~  U'H?frs.«  Sulphas  (U.  8.  P.),  0.002-0.004  G.  (iV-i^  gr.)- 

*^9^nr Slrtfrhnime  H^dntrhioridi  (B.  P.)  (1  percent.),  2-8  mins. 
^^'ft  Sirxfchnintir  Citron  (U.  S.  P.),  0.0r>-0.2  G,  (1-3  grs.). 
*5'»-»ipiM  Fcrri,  Quinintr,  et  Strfjehninfc  Phosphatum  {V.  S.  P.),  4-8  c.c.  (1-2 
'  ^'^■), 

S"^J(U#  i'lfTT*  Phoaphatis  cum  Quinina  ei  Strycknina  (B.  P.),  J-1  fl.  dr. 

^,^* extract  is  generally  prescribed  in  pill  form,  while  8tr>'chniue  sulphate 

^J'ydfoch] orate  may  be  given  in  solution,  pill  or  tablet ;  where  rapid  action 

'^M,  it  in  injected  subcutaueously.     The  tincture  is  largely  used  as  a 

io  bitter,  and  the  iron  preparations  in  conditions  of  general  debility. 

(not  pharmaeopoeial),  0.00&-0.03  G.  (^^  gr.). 
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Ic  UsM.  —  Strychnine  is  used  largely  for  its  local  action  on 
the  dijg<es$tive  oi^ans  as  a  stomachic  bitter,  and .  is  generally  prescribed 
in  the-  form  of  the  tincture  or  one  of  the  extracts  for  this  purpose,  as 
in  chLs  -^^T  it  is  much  less  liable  to  absorption  than  when  given  as  an 
alkaloi<lal  salt.  It  may  be  combined  with  the  cinchona  preparations 
or  ^ith  one  of  the  simple  bitters. 

SixlaII  quantities  of  strychnine  are  of  benefit  in  many  ill-defined  con- 
ditio ds    of  weakness,  cachexia  and  "  want  of  tone  "  generally.     The 
results?    are  probably  partly  due  to  its  stomachic  efiects  in  increasing 
appetite  and  digestion,  but  the  action  on  the  central  nervous  system 
cannot    be  overlooked.     The  slight  increase  in  the  irritability  of  the 
conl    probably  leads  to  an  improvement  in  almost  all  of  the  nutritive 
funotions  through  increasing  the  contraction  of  the  vessels  and  pro- 
ducing greater  activity  of  the  muscles.     In  this  way  strychnine  per- 
hap:^  deserves  the  name  of  "  tonic "  more  than  most  of  the  drugs  to 
whioli  it  is  applied.     It  must  be  added  that  in  a  number  of  conditions 
iu  wliioh  str)'chnine  is  ordinarily  employed,  Cabot  failed  to  find  any 
oh«n>r<*  in  the  blood-pressure  after  its  use. 

As  a  stimulant  to  the  central  nervous  system '  strychnine  has  found 

wide  application  in  almost  every  form  of  paralysis,  and  as  long  as  dis- 

tu40t  anatomical  lesions  of  the  central  nervous  axis  are  absent,  it  may 

Im'^  of  benefit ;  for  instance,  it  is  often  valuable  in  lead  poisoning ;  but 

whoro  the  continuity  of  the  axis  is  broken  by  hsemorrhage  or  by  the 

ilostruction  of  the  nerve  cells,  little  improvement  is  to  be  anticipated 

t\H>in  its  use,  though  it  may  serve  to  delay  or  prevent  the  atrophy  of 

|M^riphcral  nerves  and  muscles  in  some  of  these  cases.     When  the  par- 

silv^i!!  i^  d^iG  to  an  inflammatory  process,  strychnine  is  to  be  used  with 

tho  greatest  care,  or  is  perhaps  better  avoided  entirely  as  long  as  the 

irritation  is  present,  as  it  seems  to  increase  and  prolong  the  inflamma- 

tii»n  when  used  early  in  these  cases. 

Strychnine  is  used  as  a  respiratory  stimulant  in  some  forms  of  pul- 
iiionury  disease  in  which  it  is  desirable  to  increase  the  respiration  or  to 
|)n>vokc  coughing.  It  has  been  advised  in  failure  of  the  respiration 
ihtring  unicsthcsia,  and  is  certainly  more  likely  to  be  beneficial  than 
the  gn*at  majority  of  drugs  suggested  for  this  purpose.  Too  large 
«I(VH»H  must  not  be  injected  in  these  cases,  however,  as  strychnine 
|Kimlyzea  the  respiratory  centre  itself  when  given  in  excess.  In  other 
forms  of  poisoning  in  which  the  respiratory  centre  seems  in  danger, 
and  in  shock,  strychnine  may  also  be  of  service,  especially  when  it  is 
injt*<^ted  hypodermically.  Other  respiratory  stimulants  which  may  be 
Mubstituted  for  strychnine  for  some  purposes  are  caffeine  and  atropine. 
In  amaurosiit  or  amblyopia  unassociated  with  atrophy  of  the  optic 
iu*rvt',  and  even  in  commencing  atrophy,  strychnine  has  frequently  im- 
|m)VtMl  the  vision.  In  many  cases  it  fails  to  produce  any  benefit,  and 
XXw  («xact  conditions  in  which  improvement  can  be  looked  for  are  un- 
km»wn. 

*  Oth«r  central  nervous  stimulants  are  Oaffelne,  Atropine,  Oamplior. 
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8tm*hniue  seems  to  be  of  benefit  in  some  cases  of  heart  disease 

Nwl  V-  nften  suppose*!  to  have  a  dire<it  action  on  thai  organ.     Any  iui- 

pnivpiftMtt  which  may  be  protluced  by  it,  however,  must  be  attrilmtwl 

^t  (lir  oMi-strirtion  of  the  vcssols,  aiul  the  incH<';»ti(m.s  for  its  use  wouM 

•ct-ni  lo  hi*  a  Utw  bKHnl-pn*s.surr ;  Crile  denies  it  uny  value  in  the  txtiat- 

menl  of  the  low  hhuMl-pressure  of  shock,  iiowever.      The   increased 

.trtrrial  tea^ion   may  be  prejudicial  to  the  heart  in  some  conditions, 

lijn))i|;h  inereasing  the  rcisistiinre  against  which  it  has  to  c»intnict.    The 

jHiirt-rliyihm   is  also  slower  afW  strychnhie  has  l>oen   administered, 

owing  to  t^titiiulution  of  the  inhihitx>ry  centre.      A  ^fituilar  effect  foUows 

UM!  of  aconite,  vemtrum,  and  digitalis,  though   in  the  cas(>  of  the 

it  w  acoomi^ianied  by  changes  in  the  heart  which  are  not  induced  by 

Strychnine  is  said  to  be  of  value  in  chronic  alcoholism  in  lessening  the 
depPeei*ion  which  forms  one  of  the  chief  difficulties  in  the  treatment. 

The  other  alkaloids  of  this  series  do  not  seem  to  have  any  proper- 
tir»  which  would  entitle  them  to  a  position  in  therapeutics. 

Foisoninff.  —  In  cases  of  strychnine  poisoning,  the  first  treatment 
roDj-i^ts  io  the  e\'aeuatiou  of  the  stomach  by  means  of  emetics,  i)r  bet- 
ter by  the  stomach  tube  ;  it  may  be  necessary  to  give  chloroform  as  the 
mttempt  tu  [>a.KS  the  tube  is  often  followed  by  violent  convulsions, 
Pn-puraiions  of  tannic  acid,  such  as  strong  tea,  may  be  given  in  order 
lo  fonu  ihe  insoluble  tannate,  which,  however,  must  be  ri'raoved  as 
qaickly  as  possible,  as  it  is  broken  tip  by  the  acid  gastric  juice  and 
tbe  rtrychnine  is  rapidly  absorbed.  To  combat  the  convulsions,  de- 
pfeaaaDls  to  the  central  nervous  system  should  be  given,  and,  although 
«lilorttl  b  usually  advised,  chloroform  or  ether  is  oAen  preferable. 
It  0  ttnneoea«ar>*  to  pnxluce  deep  aniesthesia,  a  few  whiffs  of  ehloro- 
Ibms  being  often  sufficient  to  allay  the  convulsions.  The  advantage 
o€  the  anicstheticfl  over  chloral  is  that  they  can  be  removed  if  any 
>»yinptoms  of  strychnine  paralysis  appear.  Opiimi  has  been  suggested, 
but  i)*  m>l  nearly  si»  efficacious  in  strychnine  jHiisoniug  as  members  of 
tlie  methane  scries.  If  the  paralysis  comes  on,  artificial  respiration 
nuiy  \m*  atli.'mpti'd,  although  the  poison  is  excreted  too  slowly  from 
the  oTpUiism  ti>  permit  of  much  hope  of  recovery. 
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works  ought  to  be  consulted  for  the  earlier  hutory  of  the  {wison. 

ra.     OProM  SERIES. 

Opium  has  been  uaed  in  medicine  since  a  very  remote  period,  and 
altbongh  many  substitutes  have  been  proposed  for  it  of  late  years,  it 
still  occupies  a  position  of  its  own  in  therapeutics.  It  is  the  dried 
juice  of  the  Papaver  sf>mniferuni,  a  lM)ppy  which  is  grt)wn  obicflv  in 
India,  China,  Egypt,  Persia  and  Asia  Minor,  but  has  been  cultivated 
in  colder  climates  and  is  said  to  produce  a  more  j»owerful  opium 
there.  Opium  owes  its  activity  to  a  largi?  number  of  alkaloids,  of 
whicli  Morphine  is  the  most  important.  Others  are  Codeincy  Paetuio- 
morphine,  Tltelfaine,  Oodamhie,  LtintUininey  Lntuinnxmne^  Paparrrhir^ 
}[fconitIiney  lAinthopinej  Ctypiophit'f  Pnytopine,  Paparcraminr^  Rhcca- 
dine,  yarcotiitc,  Ojifnarcotifm^  Narrelne,  HtfdrocGtai'uine,  Gaoscopine 
and  Tritopine.  Many  of  these,  however,  oceur  only  in  traces.  Tiie 
total  iimount  of  alkaK»ids  in  opium  varies  from  about  5—25  per  cent,, 
and  different  specimens  may  contain  very  different  quantities  of  each 
alkaloid  ;  for  instance,  mctrpliirie  may  vary  fn»m  2.7-22.8  |x?r  cent. 
The  average  percentage  of  morphine  is  10,  of  uarcotine  G,  papaverine 
1,  codeine  0.5,  thebaine  0.3  and  narceine  0,2  ;  the  others  occur  in  too 
small  quantity  to  liave  any  influeua!  on  the  action  of  the  crude  drug. 
The  alkaloids  are  found  in  opium  in  combination  with  meconic,  lactic 
and  sulphuric  acids.  The  empirical  formuL-c  of  m*>st  of  the  alkaloids 
have  been  determined,  those  of  the  most  important  being  morphine 
(Cj^Hj^NOj),  codeine  (Cj^HjiNO,),  narcotine  (C^^Hj^NO.),  papaverine 
{C^Hj,NOJ,  thebaine  (C,^H,jNO,).  The  constitutions  of  several  are 
known, and  these  np|>ear  to  be  isoquinoline  derivatives,  but  the  stnictural 
formulie  of  morphine  and  codeine  are  still  undecided,  and  the  majoritv 
of  investigators  are  now  inclined  to  believe  that;  they  do  not  belong  to 
the  pyridinc-quinolinc  alkaloids.  Morphine  apparently  contains  phe- 
nanthrene  {C,^H,J,  a  hydroairbon  isomeric  with  anthracene,  combined 
with  a  nitnigenoua  radicle  which  is  probably  nn*rp[i(>line  ; '  it  possesses 
two  hydroxyls  and  the  substitution  of  one  of  these  by  methoxyl  fonns 
codeine.  Thebaine  and  several  others  appear  to  be  closely  related  to 
morphine,  and  it  is  not  improbable  that  they  may  all  eventually  prove 
to  be  more  nearly  rclate<l  than  their  reactions  would  seem  to  indicate 
at  present. 

The  action  of  opium  is  dtic  to  the  large  amount  of  morphine  con- 

Xhe  formula  for  morphine  icvepted  as  most  probable  at  present  is 

N(CH,)— CH, 


C,,H„(OH)^^ 


•CII, 
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tsitied  10  it,  the  other  alkaloids  boing  present  in  too  Hmall  quantity  to 

niniVify  its  rffV?ct-i  appreciably.     Morpliioe  acts  cbicfly  <»n  the  central 

pervotw  -.ysicm  altboitgh  it  also  aflects  Home  peripheral  organs,  such 

tho  intestine.     Its  action  varies  considerably  in  ditfereiit  animals, 

ami  it  is  therefore  necessary  to  consider  its  eifects  at  some  lenplh  n^>n 

ibo  (liiTorent  ela8>H?8, 

Symptoms. — The  Prog  is  remarkably  tolerant  of  morphine,  no  chanj^e 

rktwii'VLT  iolhiwing  the  injection  of  quantities  which  would  cause  dis- 

symptoms  in  man.    The  first  symptoms  elicited  are  a  diminution 

ilic  ■ipontanoous  movements ;  the  animal  sits  still  unless  disturbed, 

Wt  iWn  moves  in  a  perfectly  mtrmal  manner.     Later  the  movements 

>me  clmnsy  and   ill-coTirdiiiated,  and  at  the  same  time  they  are 

it*d  less  easily.     At  a  somewhat  more  advanced  stage  of  the  intox- 

uatiim,  the  animal    makes  no    movement  when  placeii  in  abnormal 

ilions,  as  on  its  back,  which  indicates  that  it  has  lost  entirely  its 

>v*;r  of  preserving  its  equilibrium.     The  spinal  cord  maintains  its 

itahility,  but  in  a  k^vur  degree  than  usual,  as  is  shown  by  the  reHex 

tocvi'ittfiils  being  weaker  than  in  the  unpoisoned  frog.     This  condition 

mar  last  for  several  hours,  when  a  seines  of  symptoms  of  an  entirely 

'"fll'Pent  nature  appear.     The  reflex  Response  to  irritation  is  distinctly 

"^/•rpssed  during  the  first  stage,  but  in  this  seci»nd  phase  it  begins  to 

'^f»m,  and  eventually  a  con<lition  of  exaggerate*!  reflex   irritability 

*^  ill.     This  development  first  affects   the   muscles  of  respiration, 

wit  soon  spreads  over  the  whole  spinal  cord,  so  that  the  condition 

cotncs  to  resemble  exactly  that  noted  in  strychnine  jwisoning,  except 

tlwi  the  frog  seems  more  easily  exhausted  than  after  moderate  quauti- 

tu^  of  strA'chnine.     The  same  tetanic  contnictions  of  the  muscles  are 

to  lie  set'u,  however,  with  opisthotonos  and  cessation  of  the  rcs|)iration, 

Iftturrwpted  by   periods  of  quiescence   and   exhaustion.     The  animal 

in*y  H-Tttver  from  this  stage,  in  which  case  it  again  passes  llirongh  the 

?t8p!  of  depression,  but  it  frequently  dies  during  it  from  exhaUfttlon 

w\  inraly^is  of  the  central  nervous  system. 

In  Haminals,  morphine  produces  sympt<ims  reseml>ling  those  Heen  in 
tin*  frog,  first  depression  of  the  voluntary  movements,  and  later  a  marked 
JDci\ai#inthe  n»fli*x  irritability.     The  relative  import;»ncc  of  these  two 
stigps  differs,  however,  in  t!ie  different  classes,  and  indeed  in  dillerent 
iudivifhmls  of  the  same  class.     Thus  in  the  eat  and  in  all  the  other 
fcMn,\  and  in  the  horse  and  itns  morphine  s<*ems  rather  to  increase  than 
to  diminish  movement.    The  animal  runs  about  the  room  or  in  a  circle 
jiml  seems  unable  to  remain  at  rest  for  a  moment.     At  the  same  time  a 
depressiou  of  the  intelligence  and  of  the  |M)wer  of  peiveption  makes  it- 
self manifest,  for  no  definite  attempts  at  escape  arc  made  and  obstacles 
are  not  avoided  bo  carefully  as  by  the  un]wis<med  animal.     Kventimlly 
crmvulsions  similar  to  those  seen  after  strychnine  are  developed.      In 
the  d(fg,  on  the  rithcr  hand,  the  depressant  action  of  the  drug  is  the  more 
Ljiighly  develo|>ed,  at  iitiy  nite  after  small  thises.      Tin-  first  symptom  is 
lot  infrequently  vomiting  and  defiecatiou,  and  then  the  animal  passes 


i 


208  OROAyJC  DRUGS  ACTTyO  AFTER  ABSORPTIOK 

into  a  light  sleep,  from  which  he  can  be  easily  aroused  by  touch! 
by  noise,  but  which  rapidly  becomes  deeper,  so  that  greater  force 
to  be  used  to  waken  liim.  When  once  awakened,  he  seems  to  sleep  !«i 
heavily  for  a  short  time,  and  a  much  slighter  stimulus  is  enongh  I 
anluse  him  if  it  \a  appli^i  soon  ailerwarda.  When  awakened  heifl 
perform  apparently  voluntary  movements  for  a  short  timi*,  althoq 
more  clumsily  than  in  his  normal  state,  but  no  complete  conscioot 
ness  is  present,  the  aulmal  is  stupid  aud  drowsy  and  soon  sinkd  btf 
into  deep  slumljcr  again.  The  sensation  of  pain  seems  to  be  i4 
lessened  but  not  entirely  abolished,  aud  reflex  movements  arc  di 
cidt  to  elicit.  After  larger  quantities  au  exaggerated  sensibility 
external  stimulation  seems  present,  for  the  animal  starts  con 
sively  at  loud  sounds  and  on  pinching,  but  when  left  undisturbed 
in  profound  sleep.  The  respiration  is  at  first  quick  and  dyspnneic, ill 
dog  panting  as  if  after  a  long  nm,  but  later  it  becomes  slow  u 
labored;  the  pupil  is  narrowed;  the  circulation  seems  leas  aHecttl 
although  a  congestion  of  the  skin  aud  mouth  is  often  observed.  Tli 
stage  of  strychnine-like  convulsions  is  not  developed  in  the  do( 
although  the  reflex  irritability  may  be  distinctly  increased  bv  lar]t 
quantities.  Just  before  the  respiration  finally  ceases,  convulsioi 
generally  occur,  but  these  are  aaphyxial  iu  origin  and  are  not  due 
the  direct  action  of  the  alkaloid.  In  the  rabbit  and  other  rodents  tl 
symptoms  are  similar  to  those  seen  in  the  dog,  but  the  depression 
even  more  marked.  An  increase  in  the  reflex  irritability  to  extern 
stimulation  is  also  evident  here,  while  the  respiration  is  slowed  from  t] 
l)eginning.  Small  quantities  of  morphine  pnxluce  drowsiness  iu  tl 
horse,  ass  or  goat,  latter  quantities  restlessness  and  excitement  \v\w 
may  pjiss  into  convulsions  and  death. 

ill  Birds,  morphine  causes  vomiting,  dro^vsiness,  sleep  and  st 
with  slow  an<l  imperfect  respinUion,  very  much  as  in  mammals 
has  l*eeu  repeatedly  stated  that  pigeons  possess  a  high  degree  of  fc 
aiicc  for  morphine^  but  this  does  not  seem  correct,  for  though  in  cod 
mon  with  all  the  lower  animals  they  are  much  less  susceptible  to  i 
influence  than  man,  the  tolerance  does  not  seem  much  greater  than  tU 
of  ral>bits  and  dotrs  when  the  drug  is  administered  hypodei-mically.  i 
seems  to  be  ab.sorl)ed  with  difliculty  from  the  crop.  " 

In  Man,  small  quantities  of  morphine  lessen  the  voluntary  niov 
ments  and  pro<luce  a  drowsiness  which  soon  jwisscs  into  sleep,  unit 
the  patient  is  contiuualty  aroused  by  his  surroundings.  As  long  as 
is  kept  awake,  his  actions  aud  movements  show  nothing  abnormal,  1 
it  is  imp>ssible  to  keep  his  attention  directed  to  any  object  for  lo' 
and  as  saou  as  he  is  left  to  himself  for  a  few  momenta  he  sinks  ii 
sleep.  After  small  quantities  there  is  no  difliculty  in  arousing  him  ; 
fact,  the  alecp  seems  li«;hter  than  usual  and  may  resemble  rathcl 
state  of  abstraction  or  "  brown  study "  In  this  condition  the  i 
agination  is  not  depressed  to  the  eame  extent  as  the  reason,  and  it 
often  stateil,  therefore,  that  opium  at  first  stimulates  the  intellect) 
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GTS.  This  18  incorrect,  however  —  the  self-control  and  judgment 
lessened,  and  although  the  stream  of  thought  may  s<>oni  more  rnpid 
d  the  images  more  vivid  than  usual,  the  logical  setjuencc  is  lust^  and 
tlu!  condition  may  rather  be  UTmjmred  to  dreaming  than  to  a  real  in- 
cK^^  of  the  intellectual  (Hewers.  In  particular,  the  |)atient  has  often 
DO  idea  of  time.  Tiiifi  etage  of  abstraction  is  not  by  any  means  gen- 
erally oi)6erved  and  Boon  jhi^^cs  into  sleep,  but  the  unchecked  imagina- 
tioo  may  still  persist  in  the  form  of  dreams. 

Iq  larger  quantities  morphine  pro<luces  deep,  dreamless  sleep,  from 
which  the  [MJlifnt  is  still  easily  aroused,  but  which  returns  at  once 
when  he  h  left  undisturbc<i.  When  once  aroused,  he  can  be  kept 
awikc  or  can  In?  aroused  again  after  a  short  interval  much  more  easily, 
tone  time  elapsing  apparently  before  the  same  degree  of  depression  is 
hacbed  again.  As  the  dose  is  increased,  the  sleep  deepens  into  toqx»r, 
fiora  which  he  can  be  wakened  only  with  difficulty,  and  eventually  all 
eflbrtd  to  arouse  his  attention  are  fruitless  and  he  sinks  into  coma, 
whicli  may  be  reached  very  soon  after  a  large  dose.  During  this 
(leeper  sleep  and  coma  the  respiration  is  very  slow,  the  pulse  is  regu- 
m  full,  and  uf  moderate  speed.  The  pupils  are  contracted  to  a  small 
jP'tint  and  the  mouth  and  throat  are  dry.  The  face  is  purple  and  c<^»n- 
resUfd,  and  the  skin  feels  warm,  although  the  tem[>erature  may  below. 
UIk  breathing  generally  becomes  slower  and  weaker^  and  occasionally 

Kdic  (Cheyne-Stokes).  The  cyanosis  increases,  the  pulse  becomes 
ler  and  often  quicker,  the  pupils  remain  coutractud,  but  dilate 
ly  just  before  the  final  arrest  of  the  repiration.  The  heart  con- 
to  beat  feebly  for  a  short  lime  afterwards. 
After  small  doses  of  morphine  the  patient  generally  awakes  refreshed, 
for  an  occasional  drj'uess  of  the  throat  and  slij^ht  nausea, 
quite  normal,  Not  infrequently,  however,  lieadache  is  com- 
ned  of,  and  sometimes  nausea  and  vomiting,  accompanied  by  marked 
|B|teesion.  In  rare  cases  delirium,  and  even  convulsions,  have  been 
Hpred  soon  after  its  injection,  but  these  symptoms  of  excitement  are 
l^re  in  the  human  subject  as  to  be  classed  as  idiosyncrasiefi.  Some 
•sin  affections,  such  as  it<ihing  and  redness,  are  occasionally  seen  while 
n^;  action  is  pairing  off. 

Action. — The  action  of  morphine  on  the  Oentral  NerronB  System  seems 
pcnasist  then  of  a  mixture  of  stimulation  and  depn'ssion,  which  are 
^ equally  marked,  however,  throughout  the  divisions  of  the  central 
^*^.  The  depression  seems  to  be  producetl  mainly  in  the  bniin, 
"Specially  in  those  parts  associated  wilii  the  higher  intellectual  facul- 
"«,wbiie  the  stimulation  affects  first  the  spinal  cord.  It  seems  likely 
P**t  in  different  animals  these  two  opposing  infiuences  prevail  to  vary- 
^"^K  extents,  so  that  in  some  the  stimulant  action  extends  to  the  brain, 
**itithe  tnt,  while  in  man  the  doprea^ant  action  iloniinatps  the  whole 
I^Jtral  nervous  H\'stcm,  at  any  rate  when  moderate  quatitities  are  used. 
I  ^"te  action  on  the  brain  is  elicited  by  smaller  quantities  than  that  on 
"**oord,  so  that  the  first  effect  of  morphine  is  general  iuteilectual  de- 
n,  while  tlie  increased  activity  of  the  spinal  functions  is  otily 
li 
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'  -  :  rtivo  action  of  moriiliiiip  IS  i.'-^- 
_    .:.   !i  which  cirrtuiii  t'l'titrc-iim'On- 
-    niiTpianvdistinot  iUMilitk';iti«»n. 
.    iiio   in   itself  tht?  properties  ot 
rwoTy  it  *h'j)rcssrs  the  tnni'tiniJ.- 
'niiu,  while,  like  tho  lattor.  it  iii- 
.'i. 
ipinal  Cord  lias  Ikvu  stiulif'd  alni<>*t 
*  .    '-ritahility  in  these  animals  is  tii>t 
'.     iy-n  increased  td  the  same  dei^nn? 
■:■  *;!t   to  helievo  that  the  same  dniir 
-.11  stimulation)  of  a  function,  hut  it 
'     f  the  action  of  strvehnino  that  :dl 
.   ;  ••   u«>t   involved  in    tlie  eliauLres  ]»ro- 
"    io  explanation  would   he  that  while 
^-^n  the  ability  of  the  niotcir  I'ell-  ttt 
■    ::-.-;  increase  the  activity  of  the  rcce|>- 
-.  ^    IS  ti>  compensate  for  the  depression  of 
■'  (.vnceal  their  depression  entirely. 
.  ^  'i-i-ion  of  the  elleots  of  nKtrphine  on  the 
^r«>nnds  exist    for   the   helief   that    tho 
^^.-     y  mor|>liine,  hut  this  explanation  ttf  its 
I  v.d  upon  nierelv  as  a  ])reliminarv  hvpoth- 
-.  .--.na.' 
:  -  :  .:  action  on   the  motor  and  sensory  ele- 
V -'.lin  the  dilTerent  results  ohservetl  in  dif- 
^      V  .i>^umin<r  that  the  de|>ressaiit  eflects  on 
.   r  develo])ed  in  (»ne  class,  while  in  ani»tlicr 
.  .       \e  ap|Kiratus  is  the  predominatinu:  fi'alure. 
•  all  animals  the  conl  is  less  depressed  than 
,-./.    'r'chh>ral  poisoninir,  fir  if  two  animals  are 
»    ■■.^rpliine.   the  itther  with  chloral,   until   no 
i-'r.   the   reHexes   of  the   one    poi>oned   with 
:  mere  active  than  th(t<e  of  the  other. 
.  .«n  the  Brain  arc  no  less  dillicnlt  to  aet^»unt 
.■  v.      In  the  tVoiT.  the  symptoms  of  incn-asini; 
.'■..»*t' ol»erved  after  the  removal  in  succe^sitm 
V-  corpora   quadriirt'mina,  the  cerel)eUum  and 
l:i  man,  it   is  (titen  touud  that  eomparativrly 
'    \!i[   t<t  tlc:i(h*u  or  even  eutindy  remove  the 
'\  '.ulcriuir  the  patiiut   nnconseiou-*.     The   in- 
;■  :i^  normally,  htit   lie  answers  questions  an<l 
\  ^'veu   M'cm   ahn"»rmal]y  -I'usitive  to  impre-;- 
•  ^-.-^  .>r  hriirlit  ila-hi*  i>f  li^rht.     Animal-  in  this 
,v..\i   wiiliout    re.-i-iauec  to  what   would  tirtli- 

.■l':Iu'  -i>in:il  ortfil  t^it? 
.■.-n-ltnil  lit-iprf'-iuii, 
live  riM.-  to  \\w  ox- 
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narily  involve  considerable  \v\\n^  provided  the  application  be  not  sud- 

(It'nly  nmdi?.     Tf  struck  suddenly,  Iiowcvt.T,  tliey  react  as  usual,  and 

KMuflin  api»areutly  as  s*'nsilivc  as  UHual  for  some  time,     Morpliine 

neoms  to  lessen  the  power  of  concentrating  the  attention.     As 

ffignaany  stiinulus  la  of  constant  strenglli,  !)e  it  an  internal  pain  or 

n  noiso  or  light,  the  morphinixod  iiKJividual  romaius  unconscious  of  it. 

Itoother  haml,  a  shock  is  at  <mce  perceived,  and  the  lotharj^y  being 

jr  the  moment  di.f|X'lietl,  he  reacts  to  his  surruunilings  for  a  short  time, 

bat  is  iiica[>able  of  prolonged  attention  and  socjn  sinks  into  stupor  again. 

Mnrphine  in  mwlerate  cjnantities  seems  to  have  but  little  effect  on 

liic  irritahility  of  the  motor  areas  of  tlie  brain  cortex,  but  in  iar^ 

tjinntltie-i  it  lowcre  and  eventually  alx)li3hes  it.      Exner  found   no 

«Il<?r»lion  in  the  time  elapsing  between  the  perception  of  a  fla^h  uf  light 

wd  3  preconcerted  movement,  Avhile  others  have  found  that  the  re- 

■ctinn  to  a    jsligbt    touch  wa*!    re- 

t»nliil.    This  would  agree  with  tl»e 

fay|y,ihceis  intntducccl  above  —  the 

fxtWfT  of  summation    is    lesseneil 

4IjO  plight  .stimuli  aiv  therefore  per- 

p-'»V(il  more  slowly,  while  a  stronger 

i«U(tri'^^ion  is  |>c^rc(ivctl  and  acted 

'^poii  after  the  usual  interval. 

Several  observers  Inive  investi- 

©*ted  llie  relative  sensibility  of  the 

^Km   Ix'fore  and    after    morphine. 

rin;iaethiKl  employed  wa«  to  nieas- 

^^f  tiip  smallest  distance  on  the  skin 

**t  which  the  persi>n  «>uld  recognize 

'"••Wo  points  as  distinct.     In  every 

*^^*>^  it  wjis  found  tliat  the  ability  to 

*^*^»  this  was  lessened   by  morphine 

•»*in};  lo  the  central  depression,  the 

|<l  rug  seeming  not  to  have  any  direct 

^^•*?ti<m  on  the  sensnrj'  organs  thera- 

s*^lvftt.     Various  authors  have  ex- 

aniinct]  thecitrticid  ctrlls  after  mor- 

pnine  njih  the  hope  uf  tinding  some 

niritologicsil  changes  produced  by  it. 

*  ■»*  results  are   disconlani,   how- 

**^'*^  and    alterations    said    to    be 

^hflracteri.-tic  by    one   investigator 

Jl^^e  Wn  shown  to  l>e  due  to  the 

"^'tulogic-al  D»eihod?*  used   by  lura. 

Itefire  closing  llie  consideration 

^'  the  action  of  morphine  on  tlie 

^*i*tnl  nervous  system,  it  may  be  well  to  discuss  its  eifccts  on  the 

Y^^tion.      In  man  and  in  most  other  animals  the  respiration  is 

*'"*e<l  by  morphine  from  the  beginning  (Fig.   17),  but  in  the  dog 
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Dloi^nua  uf  tbc  ri)Iume  of  air  iof^nlred  br  K 
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Tin-  nniriiiiit  1^  iTieuiirctl  lu  c.c. 
niticiilKr,  whlli.'  1 
iirpJ  iilonii  tli(<  liorizoutal  hiir.     At  lir*t  about 
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MOcc.  i»ir!>)iirvd  in  '1\.^  lliliuite!>,  but  ufl^r  titu 
Liijiwttnn  tif  miirphim',  ^^.  the  viilutn*'  falln  in 
atviul  yx\  <;.r.  and  1h  malnmintMl  M  'i00>3U> 
lhri>U|;hout   iti«   exp«rim«ul.     (Art«r   Stur^ 
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there  is  often   a  preliminary  &tage  of  rapid,  panting  hreathinp,  »birh 
may,  however,  be  secondary  to  the  emetic  and  purgative  iJIcelK   Tlx 
respirutiuD  in  man  is  at  tirst  somewhat  deeper  tlian  usual,  but  tb^  io* 
crease  iu  the  depth  is  seldom  sufiicient  to  counterbalance  the  .sliywriH*^ 
the  bn^athing,  no  that  tlie  air  inspired  ix-r  minute  is  consideraV 
duced ;  in  the  later  stages  it  becomes  shallower  and  .is  oft**n  i 
lar.     Thi-*  irregularity  may  have  a  {>eriodic  character,  a  series  of 
respirations  being  followed  by  several  progressively  weaker  ones 
then  by  e<jmplete  inactivity  for  several  seconds.     The  breuthing 
reconimenccs  witli  a  ver)'  slight  movement,  followed  by  a  Boria  in 
creasing  regularly  in  strength  and  then  again  decreasing.     This  iona 
of  respiration  (Cheyne-Stokes)  is  seen  in  various  pathological  wudi- 
tions  and  has  received  different  cxplauations,  but  is  proliably  diie  to 
direct  action  on  the  respiratory  centre.    It  has  been  mentioned  alrewlr 
that  when  the  animal  is  once  aroused  repeatetJ  movementti!  are  mtK^i 
more  easily  elicited,  and  it  would  seem  probable  that  the  aecumuLtii™ 
of  carbonic  acid  and  other  poisons  and  the  lack  of  oxygen  in  the  blood 
during  the  pause  eventually  awaken  the  torpid  centre^  which  taibrt* 
small  movement.     The  next  movement  is  larger  owing  to  the  perisl- 
ing  activity  of  the  centre  and  this  continues  until,  the  blood  b(?oomlns 
less  venous,  the  stimulus  becomes  weaker  and  the  cells  sink  agaiti  ioto 
their  former  torjmr,  to  be  again  resuscitated  by  the  increasing  VL*n«aty 
of  the  blood.      Ijocwv  has  examined  with  [wirticular  care  the  condilvm! 
of  the  respiratory  centre,  ami  found  that  much  larger  quantities  of  <»^ 
Imnic  acid  than  usual  were  required  to  increase  the  volume  of  the  I*'' 
spired  air  a  given  degree.     His  results  may  indicate  that  the  [)ower<** 
sending  out  impulses  as  well  as  of  receiving  them  is  lessened  by  tw^' 
phinc,  while  the  uarcotics  of  the   methane  K^rics  may  i)erhaf»s  1«^ 
the   receptivity  of  the  centre   without   lessening   its    power  to 
impulses. 

Afler  large  doses  the  respiration   becomes  gradually  slo 

Fig.  18. 


Cheync-Stokas  respiralioD  In  opium  polBonlog.   The  up  strokes  denote  iDsplimdon 

weaker,  and  often  loses  its  periodic  character.     Even  after  conscioil 

ness  fails  to  l>e  aroused  by  the  most  powerful  shocks,  some  influen 
may  be  exerted  on  tiio  respiratory  centre.  Thus  the  sudden  applicati< 
of  cold  water  may  cnuse  several  deep  respirations,  although  it  fails 
dispel  the  stu(M)r,  but  the  respiration  finally  fails  to  react  to  tbi 
plications  and  soon  afterwards  ceases. 
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To  sum  up  the  action  of  morpliiiu*  ou  the  central  nervous  syBtem,. 
it  |if\>diict'3  great  deprcssiun  which  Ls  especially  marked  in  the  psy- 
ciiical  fiinrtion.s,  but  spreadn  over  the  h)wer  parts  of  the  nervous  axis 
and  involves  sooner  or  later  the  respiratory  centre.  This  depression 
does  not  seem  to  affect  so  much  the  motor  areas  aa  the  powers  of  tlie 
will  and  attention.  In  mammals  the  failure  of  the  respiration  closes  the 
ciHiiv  of  the  intoxication,  but  in  the  cold-blooded  animals  a  further 
tk*vt'Iopment  of  excessive  reflex  irritability  follows  which  may  pass 
into  tonic  convulsions.  Even  in  tlie  higher  animals  and  man  some 
iiKli«ition  of  thia  action  on  the  cord  may  occur,  and  in  the  feline  group 
tJ)i.H  Ktimnlation  Involves  not  only  the  cord,  but  also  the  motor  arcaa 
of  the  br.iin  ap|Kirently. 

Morphine  has  little  direct  action  on  the  Circulation.  The  heart  is 
oftui  slightly  accelerated  at  first,  perhaps  from  the  slight  nausea. 
Thf  frog's  heart  is  rendered  slow  and  weak  by  very  large  quantities  of 
morjihiue. 

Tlie  blood-pressure  remains  high  and  the  peripheral  arteries  in 
pneral  show  no  change  of  calibre,  with  the  exception  of  those  of  the 
skin.esiK'cially  of  the  head  and  neck,  which  are  dilated^  rendering  the 
£i(v  flushed  and  hot;  as  asphyxia  comes  on  the  flush  becomes  more 
liusky  and  cyanotic^  bnt  the  vessels  remain  dilated,  so  that  the  face  is 
of  a  blijated,  purple  color.  The  dilatation  of  these  vessels  lias  little  in- 
fluence on  the  general  pressure.  It  arises  from  some  obscure  central 
KCtion,  but  it  18  unknown  whether  this  is  of  the  nature  of  stimulation 
or  of  depression.  Thcdilatation  of  the  superficial  vessels  causes  a  sense 
'►fwunnlh  in  the  skin,  which  is  occasionally  followed  by  itching  and 
diHwufort.  It  may  account  in  part  for  the  increased  jwrspiration  (jften 
<ib*n*cd,  although  this  is  doubtless  contributed  to  by  other  factors. 
Asisphyxia  advances,  tlie  pulse  may  become  slow,  while  the  blood- 
l«TBsurc  varies,  either  rising  from  the  asphyxial  activity  of  the  vaso- 
moiiff  centre  or  falling  from  the  slowness  of  the  heart.  These  effects 
*ft;  entirely  alisenl  if  the  blo'>d  be  sufficiently  aerated  by  artificial  res- 
piration, and  are,  thea'forc,  to  be  regarded  as  indirect  results  of  the 
■clinQ  f>n  the  respiratory  centre. 

IV  selective  action  of  morphine  is  thus  excellently  illustrated  in  its 
wtifts  on  the  me<lulla  oblongata,  fnr  the  rc-piratory  cciitre  \s  panilyzed 
W'W  the  centres  for  cardiac  inhibition  and  vaso -constriction  are 
"^Med  to  any  marked  extent. 

The  peripheral  Musclea  and  Nerves  are  also  unaffected  by  morphine 
many  except  overwhelming  doses.  Even  when  directly  applied  to 
l^acfve  it  has  but  littk  effect  on  the  irritability  (Waller).  "When  raor- 
pfiine  is  injected  sulicutaneously  in  the  frog  in  large  quantities,  it 
KSKiis  the  power  of  the  end-organs  in  transmit  impulses,  but  no  such 
elm  is  Doted  in  mammals.  It  is  often  etated  that  the  sensory  termi- 
iwti(m»  are  paralyzed  by  morphine,  and  solutions  are  therefore  injected 
into  the  scat  of  pain,  or  linimenta  an;  rubljed  into  the  skin  over  it,  but 
a*  a  matter  of  fact,  morphine  seems  entirely  devoid  of  any  such  local 
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action.     The  j?iensn>ility  of  tlie  skin  i»  lowervd  by  an   injcclion 
true,  but  no  more  so  at  the  jwint  of  application  than  in  other  parts  of 
tlie  b«jdy^  ?«>  that  the  action  appears  to  be  central. 

The  Papil  under^jts  chanicteristic  changes  in  morphine  poisoninp. 
In  the  great  majority  of  cases  in  man,  the  pupil  is  cimtractwl  tn  pin- 
point dimensions  until  just  before  the  final  ai^physia,  when  it  ililiile 
widely.  In  ^oue  animals,  such  as  the  dog  and  rabbit,  the  same  L'ti'eot* 
are  seen,  while  in  binU  the  pupil  remains  uuaifectetl,  and  in  aniiimb  iii 
which  morphine  causes  muvement  and  excitement,  it  is  dilated  widck 
The  atrtion  is  undoubtedly  central,  and  not  due  to  any  lf>c:il  rli  i  . 
the  eye.  A  number  of  other  drugs  province  e^^ually  marke*J 
tion  of  tlie  pupil,  but  these  have  the  :^me  action  when  drop|n**i  mt" 
the  wjnjunctival  sac,  while  morphine  has  no  effect  when  applitil  iu 
this  way ;  atropine  applied  to  the  conjunctiva  at  once  removes  tbs 
rayoi^i^  produced  by  morphine.  The  terminal  dilatatiim  seen  in  man 
Ls  not  due  to  any  direct  action  of  the  poison,  but  is  a  result  of  ihc 
general  asphyxia. 

As  a  general  rule  the  Secretory  Olands  seem  to  be  rendered  I 
tive  than  usual  by  morphine.  When  it  produces  nausea,  howe 
may  incrwise  the  wdiva  and  the  mucus,  but  tJiese  are  the  usiml  ai 
j>auimeuts  of  this  condition  and  cannot  be  considered  due  to  anvsjuH-'iftl 
action  of  the  poison.  The  sweat  glaiids  are  exceptions  to  the  genort^ 
rule,  however,  for  slight  perspiration  is  generally  observe*!  fnira  tb® 
therapeutic  action,  and  profuse  perepiration  is  seen  before  death  in  soio< 
cases  in  man  from  the  effects  of  the  aspliyxiiu  The  urim*  dm.\s  n»>' 
generally  show  any  distinct  alteration  after  morphine  iu  man,  b** 
there  is  not  infrequently  retention  iu  tlie  bladder  because  the  sphil^f 
reflex  is  absent.  ^^ 

The  Alimentary  Canal  manifests  some  distinct  changes  under  mo' 
phiuc,  and  although  these  have  been  the  subje*'t  of  numerous  research* 
no  satisfactory  explanatii>n  has  as  yet  been  vouchsafed.  In  the  hiiius* 
subject  its  injection  is  ^K-casionally  follownl  by  some  nausea,  whidi  I 
much  more  frequently  present,  however,  during  recovery  from  ih 
drug.  In  the  dog  and  cat  nausea  and  vomiting  are  almwl  invari;th] 
seqnelfe  of  its  application  iu  any  form,  and  fn»ra  the  rapidity  witl 
which  they  follow  its  subculiuieous  injection  would  seem  to  l>e  ilue  ti 
its  acting  on  the  medullan'  centre.  Small  quantities  of  opium  o 
moqihine  lessen  the  sensation  of  hunger  in  the  human  subjcirt,  but  thi 
is  pn»bably  to  l>e  attributed  to  central  action  rather  than  to  anv  effect 
on  the  stomach.  Batclli  states  that  the  gastric  movements  in'anima! 
are  first  increased  and  then  retaixiwl  by  morphine,  and  l\ii.*gol  «;ittti 
that  in  man  and  the  dog  the  gastric  secretion  is  gcnendly  retarded  I 
first  but  is  suljsequently  increased  to  a  considerable  extent.  This  oi 
curs  whether  the  drug  be  administered  by  the  mt>uth  or  liy|iodermicall 
and  is  therefore  due  to  some  change  induced  by  it  after  absorptioi 
The  rate  of  absorj>tion  in  tlie  stomach  and  ImjwcI  ap|>ears  t 
changed  by  morphine. 
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TheoflTeots  on  the  intestino  vary  with  the  tlone  injecteil  at*  well  as  with 
thci'ptH'M's  of  uiiiiiKil.     Very  \iiv\^Q  <|iianlitie.s  ciuisc  violt-iit  jieristakis 
and  rtpciitod  evacuation  of  the  Ixnvt*!  in  the  dog,  cat,  and  according  to 
uoiitf  authors,  the  rahUit,  while  ^luall  doses,  on  the  other  liaud,  arc 
follovvud  by  lesscnctl  i>eristalsis  and  conj^tipation  in  man  and  in  most 
animuls.     Even  in  poisoning  in  man,  the  purgative  eflwt  is  not  ob- 
Mr\-e(I,  and  opium  and  morphine  are  very  extt^nsively  used  in  thcra- 
pwilics  lo  quiet  the  movements  of  the  bowel.     Two  exphmations  of 
tlii)^ action  have  been  offered,  the  first  that  mmlerate  quantities  of  nior- 
piiino  tttimuhite  the  centre  in  the  cord  iuhibitiug  the  intestinal  movc- 
tatnts,  while  larger  doses  paralyze  this  centre  and  thus  allow  the  bowel 
to  contract  more  powerfully  tlian  usual  (Noihnagel),  tiie  secoud  that 
iIk'  t'tntr.il  nervous  system  is  not  ccmcernetl  in  the  &<'dativc  efPccts, 
whirh  are  attributed  to  morphine  de])res.sing  the  local  mechanism  In 
tliti  iutestinal  wall.     Neither  tlieory  is  wholly  satisfactory,  and  some 
writers  are,  therefore,  inclined  to  Iwlieve  that  the  action  is  partly  cen- 
tral on  the  spinal  c^ml  and  [Mirtly  peripheral  on  the  Ijowel  wall.     It  is 
to i)c  rpinarkcd  tliat  morphine  is  excreted  l)y  the  intestinal  epithelium 
»wlthat  this  may  have  ai.>me  connection  with  the  exoen-sive  peristaUis. 
it  Hvm^  more  pmhal>lo  that  the  efrwti-  arc  iieripheiid   than   that 
lliry  are  central,   for  none  "f   the  other   numerous  drugs  which   act 
nn  tW  spinal   cord    i>os.sesses   this   curious   action    on    liie    intestinal 
tm)\>nK'nis. 

Morjihinc  fix-qnently  causes  a  plight  fall  in  the  Temperatare.  wliich 
"lay  U' explained  l»y  the  less  active  movements  and  the  dilatation  of 
wcutimcous  vessels  ;  i«ometimes  a  slight  preliminary  rise  in  the  tem- 
I^ratiire  has  been  seen  in  man.  It  i^^  found  tliat  animals  under  mor- 
pluno  rnart  less  to  an  increase  in  the  snrmunding  tcni|ferature  than 
""|»OBoned  ones;  /.  r.,  a  normal  anirnal  exp4)sed  to  a  high  temperature 
tiiKfs  iiKi-i3ut*«»s  to  prevent  its  internal  temperature  fi*om  rising  above 
'o'Dunnal,  while,  under  nutrphine,  these  measures  are  less  effective, 
""'IiIh'  ti.'ni|>erature  rises  more  mpidly  and  to  a  greater  heigiit  ;  this 
'f'*'ii"iii*s  that  the  temjK'ratmv  cennx'  in  the  brain  la  rendered  less 
■^iiHiive. 

^  Melaboliam. — The  excreti(m  of  carl>nnic  acid  is  lessened  during  the 

J»'|trt's8i.>n  stJige,  while  in  those  ar»imals  in  whirli  excitemetit  is  pro- 

'^™'*'-'<l,it  may  be  ronsidenvbly  augrnentcd  IVimu  the  increj»sed  niuseidar 

m(ivt.n),.„t.    Tlie  imperfect  rL-spinition  leads  to  an  increase  in  the  lactic 

'"^Joftlie  bh>od  and  urine  and  to  the  disapjK'a ranee  of  glycogen  from 

"^  liver.    Sugar  may  appear  in  the  urine  from  the  same  cause  (Araki). 

Ercretioa — Morphine  is  excreted  mainly  by  tfir  digestive  tract,  in  the 

*j''va, stomach  and  bowel,  and  is  thcrefon'  found  in  large  quantities  in 

tnffipo^  even  after  hypodermic  injection.     Traces  of  it  occur  also  in 

y*^  irine  after  large  doses.     It  appeai-s  in  the  stomach  very  soon  after 

"JJ^lion.  a  weak  reaction  occurring  after  '2}  minutes  according  to  Alt, 

'•WttfUral^aut  an  hour  no  further  excrt-tion  into  the  stomach  has  been 

*mn  to  occur,  although  its  narcotic  action  persists  much  longer.     A 
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certain   amount  of  the  morphine  undergoes  partial  oxidatiiin  m  lis 
tissues,  and  some  oxidation  products  have  b^en  said  to  occur  b 
urine. 

Tolerance. — The  continued  use  of  morphine  or  opium  leads  to  a  c«h 
dition  of  tolerance  in  which  enormou?*  doses  of  the  drug  art*  necesan 
to  elicit  any  effect.     Faust  ha^  succeeded  in  producing  a  similar  stalcin 
dogs,  and  finds  that  much  more  morphine  is  oxidized  in  the  tissues  m 
this  condition  than  in  untreated  animals;  for  when  a  normaldogr^ 
ceived  an   injection  of  morphine,  over  60  per  cent,  of  the  amount  in- 
jected couUl  be  recovered  from  the  stools,  while  when  a  much  largrr 
quantity  was  injected  into  a  tolerant  animal,  none  whatever  was  foimii 
in  the  excreta.     It  does  not  follow  that  the  absence  of  symptODis  fp)iii 
large  dose^  in  morphinists  is  due  wholly  to  the  poison  being  oxitlizi^il 
before  it  can  reach  the  brain,  for  Cloetla  was  able  to  isolate  large 
quantities  from  the  tissues  of  animals   in   which   tolerance  had  bcfO 
e.stal)lishe<L     It  is  rather  to  be  inferred  that  the  nerve  cells  bcc«in* 
habituatetl  to  its  presence  in  the  blood,  and  uease  t<»  react  so  stnmgV? 
as  in  normal  individuals,  and  that  in  addition  the  tissues  acquire  ^i 
greater  {vower  of  .oxidizing  iiior[>hine  under  these  circumstances.     TH* 
attempt  to  find  "  antini(>r|)lniic  scruu) ''  hoA  proved  fruiiless. 

Codeine  ri^M^mbles  morphine  in  the  general  features  of  its  acti»^ 
although  it  is  much  less  poisonous.  It  depresses  the  brain,  ar^ 
causes  an  exaltation  of  the  activity  of  the  lower  parts  of  the  c«r^ 
tral  nervous  system.  "  Its  depressant  action  is  not  so  powerful  nor  f^ 
enduring  as  that  of  moqihine,  however,  while  the  stimulation  is  nior^ 
evident  and  involves  not  only  the  cord,  but  also  the  medulla  obloi^ 
gata  and  lower  parts  of  the  brain.  As  has  been  meutioned  alreadv4 
morphine  also  stimulates  rather  than  depresses  the  brain  in  tb** 
feline  class,  but  with  codeine  this  is  true  also  fur  the  dog  and  to  ^ 
leas  extent  for  man.  In  the  latter  small  quantities  of  cwleiue  prcMluctS 
sleep  but  this  is  not  so  deep  and  restful  as  that  which  follows  thol 
administration  of  morphiue,  and  the  patient  is  liable  to  l>e  awakenpd| 
by  slight  uoises,  and  is  restless  and  often  unrefreshed  when  he  awakens.^ 
Soniewhi\t  larger  quantities,  instead  oP  inducing  deeper  sleep,  increa^cj 
the  restlessness  and  cause  a  considerable  exaggeration  in  the  reflex  ex-i 
citability.  The  respinition  is  not  so  much  slowed  as  after  morphinty 
and,  ac4!(>rding  to  Wiuteruitz,  the  excitability  of  the  centre  is  prac-i 
tically  unchanged,  while  morphine  reduces  it  very  considerably.  The 
pupil  is  slightly  contracted  during  tlie  codeine  sleep,  but  dilates  whciil 
the  excitement  st;ige  folhiwa.  Codeine  doci*  not  seem  tt>  produce  m» 
great  constipation  as  morphine,  and  in  animals  often  causes  purging 
and  diarrhcea.  It  is  excrete<l  in  the  urine  mainly,  and  pmlonged  ad- 
ministration fails  to  induce  tolerance  or  to  promote  its  destruction  iq 
the  tissues  (Bouma). 


Codeine  U  nietbylinnrphiDe,  niiO  a  nuni'ber  of  nmilnr  compoundti  have 
formeJ  artifiually,  hucIi  a^  ethyliuorphine  iind  lunylinorfiliiuo.  Two  of  thesBJ 
ethylmorpUino  (Dionine)  and  WnKylniurpbine  (Peronine)  have  recently  beetf 
introduced  intij  thempcuticA,  but  appear  to  posieas  no  advantages  over  oodeiMll 


OPIUyf  SERIES, 


217 


Oxydimorphine  (C„H^N,0,)  has  been  believed  to  be  present  in  the  urine 
lUrtbe  adminiatratiun  of  mori)hine.  It  has  also  bef^u  found  in  opium  by 
aome  iiivestigatora  and  ha^  ii  very  weak  nareotio  action  resembling  tliat  of 
bine,  Marm6  supposed  that  the  symptoms  seen  atler  the  alirupt  wilh- 
of  morpbiae  iu  uuses  of  opium  hubit  were  due  to  this  oxydimorphine 
iniiif^  in  the  tissues,  but  thiii  ha^  nut  been  confirmed. 
Heroine  y,  an  artitioial  alkaloid  formed  fVom  morphine  by  nubstitutiup 
»wtyl  fi)r  its  two  hydroxyla,  and  has  attracted  some  attention  recently 
throue:h  it-^  being  advocated  as  a  respiratory  sedative  in  cough.  It  appears  to 
nimble  morphlae  in  \t»  general  eOTect?.  but  is  said  to  act  more  strongly  on 
th«  respiration  and  leas  on  the  cerebral  functioiifi.  Thus  the  respiration  is 
reuiltred  slower  with  less  mental  depnwslon  than  would  accompany  an 
eqiud  cliauge  elicited  by  morphine.  According  to  the  advocates  of  heroine, 
the  fflowneas  of  the  breathing  is  in  part  compensat^Hl  for  by  Ha  grejit^r 
depth.  40  that  the  actual  diminution  of  the  air  inspired  is  not  proportional  to 
the  (lM.Ti?ftse  in  the  number  of  the  movements  ;  but  this  has  been  disputed 
and  U  certainly  not  invariably  true,  particularly  in  man.  On  the  whole  the 
evklcnre  of  exfK'rimcntal  andelinl(*ul  observers  seems  to  indicate  that  heroine 
dewn'ps  a  place  i>etween  morphine  and  co<leine. 

PapftTOllne  stands  midway  between  codeine  and  morphine  in  its  action  on 

tiut  central  nervous  system,  but  is  a  comparatively  weak  poison.     Evx'n  in 

hitfti  qoantities  it  has  not  tlie  soporilie  action  of  morphine,  nor  <1oes  it 

prtxluce  the  same  degree  of  excitement  as  codeine.     Comparatively  small 

[|mi)titieTt  are  followed  by  sleep,  but  this  does  not  become  deeper  as  the  dose 

*  iiirreiwed.     On  the  eontrarj',   the  reflex  excitability  is  augmented,   and 

^^^  Yen*  large  quantities  some  tctauic  spuAm  may  be  elicited,  but  this  seems 

^^■lof  <pinal  origin  entirely,  while  that  produced  by  codeine  points  rather 

^Htn  iifTcction    of  the    lower   part  of   the   brain.     Papaverine    has    more 

fcohdcDcy  to  slow  the  heart  rhythm   than   eitln'r  in<iq)iiine  or  codeine  i  it 

Kftfipareutly  acts*  directly  on  the  heart  muscle  and  imt  through  the  regulating 

o^Tilnv.  The  blood -pressure  Is,  however,  littleatrected  by  ordinary  quantities. 

Ntrcotine  rewmbles  co<leine   rather  than  moi-phine,  but   has  even   leas 

depressant  action,  esi>eeially  in    mammals.     In   the  frog  a  short  stage  of 

dpptfe*iii>n  is  elicited,  but  this  soon   gives  place  to  strychnine-like  exaggera- 

^'ti')f  (he  reflex  excitability.     In   miinimalH   there  may  be  but   little  ap- 

^'•niiipe  of  depression,  the  injection  being  followed  by  a  condition  of  ex- 

<^nii>nt    immediately — restlessness  and    tremors  with   increased    reflexes, 

tfcicfc  eventually  lead  to  convulsii»i»s,  during  which  the  animal  geiijerally 

ly  as  in  strychnine  poisoning.     The  pulse   is  consiilerably 

._ j«tine  injection  from  a  direct  action  of  the  drug  on  the  heart. 

'^Wwtliie  is  a  very  much  less  poisonous  body  than  either  mor|thine  or 
wdeiih',  and  ver>-  large  quantities  have  been  adminisren^d  repeatedly  with 
to  (ff  HO  nart-otic  effect.  It  is  a  cinnpouud  of  hydroeotatnine,  another 
ftpiom  uilciUoid,  with  meconin.  Hydroco  tar  nine  ajuturcntly  acts  very  much 
■ot^tame  way  as  narcotine,  but  produces  even  less  depression. 

^Uteine  has  attained  a  certain  reputation  owing  to  the  st^vtement  of  CI. 
"luri  that  it  is  the  most  powerful  nai-eotic  of  all  the  opium  alkaloids. 
There  w^m^tj  however,  to  be  no  <lo!d>l  that  the  preparation  he  used  was  very 
"Dptirf,  and  that  nareeine  itself  has  little  or  no  action  of  any  kind.  It  is 
****«din}^ly  insoluble  in  water,  and  its  salts  are  l)roken  up  in  aqueous 
"'"liwii.  so  that  il  is  probably  absorbed  very  slowly  and  imperfectly. 

''^•biine  seems  to  have  practically  no  depressant  action.  It  sometimes 
{"^UOtt some  heaviness  and  confusion  in  man,  but  this  is  accom])anicil  by 
^TQptoins  exactly  n?-sembling  those  described  under  strychnine,  and  it  may 
t«*rHonp  be  considered  as  belonging  to  the  latter  series  rather  than  to  llmt 
Of  iByrphine  ;  it  is  very  much  less  active  than  strychnine,  however.  Thebnine 
*"*■*  to  ditTer  from  morphine  also  in  its  eiret'ls  on  the  bowel,  fur  Vninossy 
ftndiUiai  it  iucreasea  peristalsis  instcAd  of  allaying  the  irritabilily.  Lauda- 
W6t*:*t?iiia  to  resemble  thebaiue  very  closely  in  it«  effects. 
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occur  in  very  minute  quautitie 
no  great  inU*roi*t  from  the  HuMupuutio  jtoint  of  viow.      Very  little  I. 
dune  to  ehicitlate  tlicir  itlmiinaruluKical  lu-tion,  but  tbost'  which  Ii;i 
t'xamincfl  seem  to  prmUice  I'llecU*  resembliujj^ihoseof  the  better  kiiouu  uwiu 
bei-rt  of  rlie  ^r<*\\\K     There  are  Kome  except iohs  to  this  rule,  however  form 
tlie  eOects  <)r  Cryptopine  und  Protopine  some  features  uppi-nr  which 
be  wilhuut  aii:ih^Ktie  In  the  uetion  of  luurphine  and  eodeiiu-.      In  fn.- 
(h)ses  prodiiee  a  narcotic  eondithm  siiuihir  to  that  following  the  inj- 
morpliiiie,  but  the  reflex  irritability  doea  not  show   the  8arno  exti;^- 
aftorwurds;  larger  qnantitie^s  eause  complete  jjaralysid  of  the  wluile  tiuwil 
uervoiis  pyatem.     At  the  same  time  a  very  marked  notion  up|H*ar*  inthf 
Htriated  murtelcs,  the  contnietiuu  of  which  is  alteriMl  in  u  ]terfectlv  rli 
ifttic  nuuiner;  if  a  tetJinizinK  series  of  electric  shocks  be  parsed  ih. 
muscle  poisoueil  with  th(^e  <lrii|tc^,  no  real  tetanus.  l»ut  a  s«Ties  of  i-apU'-uu 
traetions  and  relaxations  is  produced.     The  ends  of  the  motor  nerves  are  uk> 
said  to  be  partially  paralyzed.     In  mammals,  no  depression  occurs  bnl  rt^ 
le>sness  and  eventually  convulsions,  whirh  do  not  teem  to  l>e  of  8piit;v]  ori- 
gin but  rather  suggest  a  stimulation  of  the  cerebrum  and    midbrain.    Tb* 
heart  is  slow  and  weak,  and  Bonie  depression  of  the  v:iso-motor  centres  is 
causwl  by  large  ijimntitie^  of  the  poisons.     The  respiration  docs  not  jtwraltf 
be    depressed,    but    rather   to    be  acreleraled,   save    by    the    larj^.si  iliiscs 
They  iiaraly/.e  the  tenninatious  of  the  8<»nsorj'  nerves  on  local  aiipli<*alioii  in 
the  same  way  as  will   be  described  under  cocaine.     The  action  nf  tlicrftvo 
ftlkaioids  on   muscle  and   un    the  heart  Would  seem  to  separate   them  *^ 
entirely  from  the  other  ftpiuni  alkaloids,  aIthouj;h  it  in  nut   impossible  lh»l 
these  are  merely  further  dcvcl(»pmcula  of  the  heart  ai-tiou  notM  uTt. 
cotine  and  paimverine. 

AA^itb  the  exception  of  cryptopinc  and   protopine  the  alkaloid:*  of 
opium  iUria  a  scries,  of  which   ruorpiiine  is  one,  thplxiiae   tliv  otiK'r 
extfcniity.      In  morphine  the  narcotic  action  is  the  most  striking  fea- 
ture, hut  as  the  successive  memlMTH  are  taken  up,  this  effect  It     "  " 
less  marlu'il  than  the  reflex  stiiinilation,  until  in  thebaine  pni 
no  depressinti  can  Ix'  nintlc  out,  and  tiic  symptoms  resemble  ihow***' 
strychnine  exactly.     Nnne  nf  tlicse  alkahuds,  however,  differ  in  tsY 
somewhat  from  both  morphine  and  tliehainc,  Iwcaiise  the  brain  \\sC^^ 
seems  tlie  scat  of  .stinuilation,  and  tlic  convulsions  partake  more  <*^ 
the  character  of  thos(?  prinlucctl  hy  cocaine  and  atropini?  than  of  th^ 
of  strychnine.     Morphine   itself  possesses  this  action   in  tin*  <at, 
that  lliesc  alkaloids  di>  not  in  reality  depart  from  the  ^reneral  type 
completely  &s  mij^ht  at  first  appear.     The  more  important  memhere  ^ 
the  pr(Hip  nuiy,  therefore,  be  arranged  in  the  following  order,  tlie  mC^ 
deprcsbaut  standing  first  and  the  most  ptitnulant  last. 

Morphine  (oxydimorphine). 

Papaverine. 

Codeine^ 

Xarcotine. 

Tliehainc. 

(Strychnine.) 
In  man  morphine  is  much  the  most  dangerous  of  the  opinin  alkn- 
loid.H,  l>ccaui-e  dcalh  is  prodncc<l  in  (he  naivtdic  stage  through  asplivxia. 
In  most  uniinnis,  however,  thebaine,  codeine,  and  lundanine  are  more 
toxic,  bccanst!  the  failure  cd'  the  rei-piraliou  does  not  occur  in  the  stzu^ 
of  depression,  but  during  the  convulsioos. 


it  that  the  latter  ia  al>sorbed  more  nipidly  when  pui 
Ml  mixed  with  the  nuinerotis  Inactive  8ul>8tAnce8  of  the  crude 
)piiim  acts  much  more  slowly  than  morphine,  and  seems  to 
more  marked  effirt  on  the  intestine  in  wliieh  it  remains  for  a 
mc.     It  is  also  said  to  cause  less  nausea,  ultliough  this  is  dis- 


^  U.  S.  P.  Preparations. 

,  the  dried  milky  exudation  obtained  by  incising  the  unripe  cap- 
■*»paver  somniferum,  yields  when  moist  not  less  than  9  per  cent,  of 
ed  inorpbiuc. 
[TLVIH.  drifd  »nd  pnwdcri-il  opium,  yielding  12  percent  of  crystallized 

!>*>»«.%  11.02-0.1  ti,  {li-\\  gp*.). 
Jkoihriiinin,  opium  deprived  of  its  oilontus  |irinii|ile8  und  of  any  other 
Ulili'  in  ether  ;  sugar  of  milk  is  adde«l  to  iiuike  up  the  weight  to  thai 
pnal.      Dose,  0.02-0.1  H.  {\-\\  gnt.l 
Ortuiuititu/ftf  a  coun*e  powder  euiitiiiniiiji;   12  per  cent,  of  morphine. 

rxiTM  Opii.  tho  ilried  aqueous  extract,  contains  20  per  cent  of  mor- 

Vwe.  0.0l5-0.0(i.  <J.  (1-1  pr.). 

lowing  preparations  eonlmn  10  per  cent,  of  opium  or  from  1.2  to  1.25 

of  mor]ihine. 

AAOeii  (Laudftnum).     Dose.  0.3-1  e.c.  (fi-15  mine.). 

n  Opii  DrtHlorati.     iMwe,  0.3-1  c.e.  (5-15  mius.). 

K,  tiavored  with  einuumon  and  cloves,     liose,  0.3-1  c.c,  (5-15 
»"  (Bhick  Drop)  is  formed  by  extracting  opium  ptjwder  with 
ifScacJd.     Dose,  0.3-1  c-.c.  (5-15  mius.), 

(  lPKCAcrA>H-E   ET  Opil   (Dovers  Powder),  10  per  cent,  each  ot 
(d  ipecac  ]>owder3.     Dose,  0.3-1  G.  (6-15  gr»,). 
^  Ipecaciianhir  el  Ojni.     Dase,  0.3-1  c.c.  (5-15  mins.). 
[m-pjinitions  of  opium  generally  weaker  thiin  the  foregoing  are  : 
lE  <  Uni.  ejieh  euntaiuH  O.Ofio  G.  (1  gr.)  of  opium  powder  or  0.009  G. 
mori^hine. 

in  GiyciirrhizsR  et  ()pn,  each  contains  0.005  G.  (^*i  gr.)  of  opium. 
rSA  Opii  Camprorata  (Paregoric)  contains  four  [larts  of  opium 
«intMr-wtih  htuiscnin  acid.  iMfniihor.  oil  of  anise  and  tflveeriu. 


-r  hntm 
ubio  ioi 


Alkaloids  : 

MoRPHiNA  (C„H„NO,  4  H„0),  colorless  cryatuls  without  odor  -...  -. 
bitter  tik<te,  prA^'tic^ulIy  iiisolublo  iu  water  and  unlv  slightly  soluble  ia 
hoL      Dotw.  0.005-0.03  G.  l^^\  gr.). 

MOEPHIN.K  ItYURUCHLORIDVM. 

MoRPUIN.K  SlTLPHAS. 

MorphinsE  Aceiwi.  

Of  these  sails  the  hydrochlorate  aud  sulphate  are  the  most  tmportMl 
the  acetate  tendu  to  deoompoj*e  on  keeping.  The  hydrochlorat*'  »rnl  «alp 
are  soluble  in  ulwut  21-24  pnits  of  water,  less  so  in  alcohol,  Theyi 
white,  .silky  er>et«la  with  u  bitUT  luste.      Dose.  0.005-0.03  G.  (I'j-l  pr.l 

Pulvia  Aforphintt  fhmpwitun  (TuUy's  Powder)  ia  a  mixture  of  liqw 
powder,  camphor  and  morphine  sulphate,  in  which  the  latter  E&  contain 
the  amonnt  of  U  per  wnt.     l3o8C,  0.3-1  O.  (5-15  grs.), 

CoOElNA  (C„H„NO, -f  H  0*.   white   or  nearly  trunHpurent   cnii^taU 
fiiintiv  hitter  ta«te.   wiluble  m  80  parts  of  water  and  in  3  parta 
ll.wf.'o.O15-0.I2(;.  U-2gr8.). 

COOEIN*  PuOSPHArt. 

CopEiN.B  Sulphas, 

These  wiltn  of  wHlelne  form  white  nwtlle-whapc*!  crystals  with  a 
The  phosphate  in  Koluble  in  aliout  2  part^  of  water,  the  ffulphate  iu  3U  j 
Dose.  0.03  G.  (i  gr.). 


B.  P.  Preparations. 
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Opicm.  tlie  juice  obUiiued  by  incision  from  the  unripe  capsules  of 
somniferum,  in.spissated  by  sptmtaneouR  evaporation.  When  dried  i 
tains  9i-10i  per  cent,  of  anhydrous  morphine,  aud  it  ia  therefore  w 
than  the  corr«*ponding  preimmtiou  of  the  U.  S.  P.     Dose,  i-2  ri-s. 

Extractum  Ufh  contains  2Upercent.  of  morphine.     D(»S4»,  J-1  gr. 

Extractutii  Opii  Liquidum  contains  j  per  cent,  of  morphine  (J  gr.  i 
mills).     Dose.  5-30  mins. 

TiNCTCRA  Opii,  Laudanum,  contains  \  percent,  of  morphine^  or  al 
gr.  of  opium  in  15  mtus.  Dose,  5-15  mius.  for  repeated  administni 
for  a  sins^le  administnition  20-30  mins. 

THnrtura  Opii  Ammoniata  Ik  formed  of  laudanum,  benzoic  acid,  oQ  of 
aud  ammonia.  It  contains  about  «  per  cent,  of  morphine  or  nearly  5  g 
opium  in  the  thud  oz.     Dose,  ^-1  Q.  dr. 

TrN(-riJKA   CAMPHOR.K   CoMPOSiTA,    Pafegoric   or   Paregoric   Elixi: 
senibles  the  foregoing  in  composition  except  that  camphor  is  sul»6titutf 
ammonia  and  that  the  laudanum   is  reduced  »o  that  only  one  part  of 
phinc  is  contained  in  2,000  of  paregoric  or  |  gr.  of  opium  in  each 
Dose,  \-l  II.  dr. 

Pulvui  opii  Compositun  contains  10  per  cent,  of  opium  along  with  p< 
ginger,  c^irawuy  and  Iragacanth.     D»^,  2-10  grs. 

PULvis  iPECACUANH.E  CoMPosiTUs,  Dovcr's  Powdcr,  contain  10  per 
each  of  opium  and  i[>e«icuanha  in  powder,      Doae,  5-15  grs. 

PiTLVi.s  Kino  CouposiTriit  contains  5  per  cent,  of  opium  along  witb 
and  oinnamon.     Dose,  5-20  grs 

PuLVH  Crrt.k  Abomaticus  cctm  Opio  contains  2^  per  cejit.  of 
along  with  aromatic  i-hulk  powder.     Dose,  10-40  gn«. 

I'lLL'LA  Plumui  cum  Opio  contains  12}  per  cent,  of  opium  aloug  wit 
acetiite.     Do^e,  2—4  gjrs. 

PtLUi.A  S.ApoNi.-*  CoMPOSiTA.  contains  20  per  cent,  of  opium.    Doae, 

Pilula  Ipratriiaiihe  cum  Scilla  is  formed  from  Dover's  powder  and  a 
and  contains  about  5  per  cent,  of  opium.     Dose,  4-S  grs. 

SuppoHiToKiA   I'LVMBi  CuMPOHiTA,  e&ck  Contains  3  grs.  of  lead 
and  1  gr.  <»!'  opium. 

Linimentum  Opii  ()  per  cenL  of  morphine). 
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y.npliutrum  Opit  (10  per  cent,  opium). 

i'n>}:ifntum  GaiUr  cum  Opio  oontuiiis  71  per  cent,  of  opium. 

ifin,i!.iij/r  JrWiw  (<.'„H„Nl>,,C.H,<),3HjO),  a  white  crjsialline  or  amor- 
[iti.'jA  |Hiv\(ier  a]iau8t  euLirely  Koluhle  m  2)  parts  of  water  and  iu  100  of 
»lr(.iml,  i-j  gr. 

Motiniix.E  Hydbochlobidum  (C„H.^0„HC1,3H,0),  aeicular  prisms  of 
H  -iU\  lii!rtrt>,  Boluhle  in  24  {mrts  of  cold  water,  one  part  of  boiling  water  or 
'"■    tl'ojiol.     Dose  i-i  gr. 

'Jir  Tartrtut  ((C*,H„XO3),C^H,0,,3H,O),  d  white  powder  eoiisUting 
iiKlulur  lufts  of  Hcieiilar  cryBtub,  soluble  in  11  purtti  of  cold  water, 
■in  alrtthol.     Dose,  ^-^  ^r. 

i  y  y.'  Morphime  Acrlatig,  1  jier  cent.,  10-fiO  mins. 

Liqrou  MuRinnyx  Hydboculoridi,  1  percent.,  10-60  mins. 

Liifuor  Morphime  Tarlratia^  1  per  cent.,  10-00  uiins. 

tx.iK(Tio  MoRi'HiN.K  Hypudkbmica  contuios  1  per  cent,  of  the  tartrate. 

r^'  k  .'(ijhcutuneouH  injwiion,  2-f>  mins. 
I  SrmkfiiTORiA  MoKPHlN.K,  each  eiintain«  \  pr.  of  morphine  hytlrurhb>nde. 
Tn(K'iiiw:;L':j  Murphis.b,  each  couUiins  |*«  gr.  of  morphine  hydrochloride. 
ThKAiwrM  MorpHinx  <l  fpecacuan/iir,  each  contains  ^  gr.  of  morphine  hy- 
irorfjlorifif  with  t";  pT.  of  ipcea<nianha  root. 
I^aciura  Chlorqformi  et   Morjikitue  (hmpottita  corresponds  to  the  puteuted 
cbtiiruilriic  and  contains  1  percent,  of  morphine  hydrochloride,  along  with 
rhtonifonu.  prubsie  acid,  capsicum,  cannabis  indica,  oil  of  peppermint  and 
gtj'cfriu.    I>o*»e.  VIS  mina. 
CouRiNA  <C,.H„(CHj)NO„UjO),  colorless  cr>-fitalfl  soluble  in  80  parts  of 
*n!tT,  i.a<lilv  stduble  in  alcoliul  and  ether.     Dose,  J-2  grs. 

r  Vho^phfM  ((C,  H„(CH,)XO„H,PO,),3H.O).  white  crj-stnls  with  a 
;  iiitUir  taate,  soluble  in  4  parl;3  of  water,  much  less  soluble  in  alcohol. 

(^iTRlTf^s  CoDElf*^,  one  fluid  drachm  contains  J  gr.  of  codeine  pbosiphate. 
^,  i-2  II.  dra. 

fvpnt^tM  Capeulx,  the  nearly  ripe  dried  fniita  of  Papaver  somniferum, 
'^QtaiD  n  (tmall   percentage  of  morphine,  bat  are  entirely   superfluous  in 

Tberapeatic  Uses.  —  Opium  h  one  of  the  most  important  and  most 
tttHMvely  usod  drugs  iu  the  pharmacopcDias  at  the  f»rcseut  day  as  ia 
^f  past.  Of  late  yearn  the  crude  drug  has  been  largely  replaced  by 
"Mrphioe,  but  the  action  Ls  the  .same,  and  although  moqdiiue  is  pref- 
^Ic  in  most  cases,  opium  is  still  specially  indiait^d  fur  certain  pur 
[*>***.  In  aImo?<t  any  diseaj»e,  onnditions  which  are  favorably' infliietiocfl 
"J'WiirphiDe  may  prcseut  tliemsclvctj,  aud  tho8C  condition.s  alouc  cau 
)^diMU«aed  here. 

hhu-^As  ha.s  been  repeatedly  mentioned,  opium  or  morphine  haa 
'  special  analgesic  action  which  is  not  shared  by  its  modern  rivals  of 
"*  mrtliane  series,  and  which  justifies  the  celebnited  dinttim  of  Syden- 
•^wn  that  Avithout  opium  few  would  be  callous  enough  to  practise 
"»cntpeatics.  The  general  statement  may  suffice  that  severe  pain  in- 
I'lniUs  opium.  Even  where  the  disea.se  in  itself  is  one  which  would 
]W  onjinary  circumstances  oontraindicate  it,  it  must  be  always  taken 
itilit  onnsideration  whether  the  relief  of  the  pain  and  its-ittendantrest- 
'*iitt«  may  not  CTmnterbaiance  the  disadvantages  of  the  narcotic.  At 
wttroc  time  the  dang<?r  of  inducing  the  craving  for  morphine  cannot 
tw  6rgottf>n,    fur  tlie  use  of  morphine  tu  subdue  puiu  is  ^>erhaps  the 
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most  fruitful  cause  of  the  habit.  It  is  uAeu  fouud  that  compantiveif 
small  quantities  of  opium  are  sufficient  to  remove  or  ataay  rateta 
tlull  puiUf  but  after  re}>eated  doses  the  quantity  has  to  be  iiicreikwd 
owing  to  tolerance  being  attained.  Some  forms  of  jjain  are  peliw*«l 
by  the  moml>ers  of  the  antipyrine  series,  but  these  are  less  orulu 
and  more  limited  in  their  aefion  than  morphine.  On  the  other  baiwi 
the  antipyretics  often  relieve  pain  without  inducing  sleep,  anil  in  this 
possess  a  great  advantage  over  opium  in  the  treatment  of  heac 
Denmlgia  and  similar  conditions. 

SleepleBsness.  — Opium  was  formerly  the  only  drug  used  tit  ii 
slee|),  but  siuct;  the  discovery  of  clilond  and  its  congeners  it  is  ua* 
less  frequently.  These  foil  entirely  to  replace  it,  however,  where  dw 
sleeplessne.ii  is  due  to  pain,  while,  on  the  other  hand,  they  are  taon 
efficacious  in  some  conditions  of  excitement.  Not  infrequently  opinfl 
and  chloral  are  prescribed  together  for  this  purpose,  and  the  oonibi 
nation  acts  more  eiliciently  than  either  of  the  <lrugs  alone.  Ivichis 
of  course,  prescribed  in  considerably  smaller  amount  than  if  adraim? 
tcred  separately.  Opium  is  less  efficient  than  chloral  when  there  i 
apparently  an  increased  activity  of  the  motor  functions  of  the  brain,  fl 
in  wild  delirium  and  mauia,  and  sometimes  seems  to  increase  the  exrit" 
ment  even,  but  this  general  statement  is  subje<'t  to  numerous  excel 
tious,  and  uiorphiue  is  still  largely  used  in  many  such  disorders.  J 
the  true  cnnvulsive  diseases,  such  as  tetanus,  epilepsy  and  ehor* 
chloral  is  preferalile.  The  beneficial  <' fleet  of  morphine  in  mauvae«i 
febrile  ewiditious  is  undeniable,  and,  as  in  the  case  of  alcohol,  is  il 
to  its  lessening  the  pain  and  discomfort  of  the  patient  and  inducii 
rest.  A  good  deal  of  difference  of  opinion  exists  as  to  the  advisabili 
of  administering  opium  or  morphine  in  these  (jonditions,  and  there 
no  question  that  tlic  routine  trt'iitnieut  of  fi'ver  by  narcotics  is  to  ' 
dopH'cated  ;  but  on  the  other  listiul,  the  restlessness  and  disromfo 
may  in  itself  aggravate  the  disease,  aud  morphine  is  distinctly  iudicaU 
imder  these  circumstance. 

The  preparations  chiofly  used  to  relieve  pain  and  promote  sleep  ai 
the  oxtract.s,  laudanum,  ojiiimi  pill,  or  compound  soap  pill,  and  tl 
morphine  salts  and  their  solutions.  The  latter  may,  of^  course,  beat 
ministered  hypoderniically. 

In  Respiratory  Disorders,  opium  and  morphine  are  largely  used  f 
their  effects  on  die  centre.  Where  it  is  desirable  to  lessen  its  irrit 
bility^  as  for  example  in  excessive  cough  and  dyspuoja,  opium  mi 
be  indicated.  On  the  other  hand,  when  there  is  a  profuse  expoctor 
tion,  the  irritability  of  the  centre  cannot  be  lowered  without  dang( 
and  opium  is  contraindi«Ued.  Opium  gives  ivlief  in  cases  of  astUm 
but  there  is  always  danger  of  indtieing  the  habit. 

Opium  is  often  combined    with  expectorants  in   the  treatment  i 
cough^  and  a  large  nunibiT  of  suitubh*  preparations  are  provided 
the  pharniacopoeias,  sucli  as  paregoric,  Dover's  powder  and  other  prep 
rations  containing  ipecacuanha,  liquorice  mixture,  the  compound  mc 
pbine   [wwder  (U.  S.   P.),   the  ammoaiated    tincture,  the  cotnpoui 
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effects;  for  though  tJie  glycv>siiria  wldom  *lisapfK«rs  under  its  iwtit 
le?fien«l  in  somo  cas<>rt  (Kaufmann).     Codeine  has  l)een  advised  inste.^ 
of  morphine  in   this  flisonler,  an  it  is  less  likely  to  cause  coiwdwti^ja 
and  gaatric  disturljance.  *^ 

Wly,  opium  is  used  as  a  Diaphoretic,  and  for  this  purpose  it  b«o- 
erally  combined  with  ipecacuanha  an<i  prescribed  as  Dover's  ixm^w 
Althonjrh  in  iUelf  it  has  little  or  no  diaph<.retic  actiou,  opium  miv 
augmuut  the  effects  of  ipecacuanha  through  dUating  the  skin  vo^li 
Opium  and  ite  alkaloids  have  no  effect  applied  to  the  skin  and  tiM 
plasters,  ointiueata  and  other  similar  preparations  are  quite  auperfluoia 

Codeine  is  much  less  often  used  than  morphine  in  theraijeutics.  It 
is  of  comparatively  little  value  in  allaying  pain  or  excitement,  bul 
has  heeu  loumi  ot  heneht  u\  the  slot'piessness  of  melancholia  Ilia 
used  not  infrequently  as  a  sedative  in  cough,  and,  as  has  been  stated, 
in  diabetes.  There  seems  less  liability  to  the  formation  of  the  axi^ 
habit,  and  it  has  been  suggested  as  a  substitute  for  morphine  in  raor- 
phinomania,  but  h:is  not  proved  efficient  in  this  otmdition 

Opium  and  morphine  are  contraiudicated  in  vprv  v^..»»    lu 
V  '      ,  .•.•         ft.  »       very  youne  cniMivfl, 

m  whom  even  raumte  quantities  often   produce   the   most  akmrn 
symptoms  of  poisoning.     Even  one  drop  of  laudanum  is  siiid  to  kve 
been   fatal   to  a  child  under  one  year  of  ag*'.     I„  gj^^^  weakness. 
especially  in  cases  where  the  respiration  is  barely  sufficient  to  a.«tr 
the  blooil,  or  where  profuse  expectoration  is  present,  morphine  has  to 
be  administered   with  the  greatest  care.     In  cerebral  eomrestion  ami 
rapningitifl  the  opiates  are  generally  contraiudicated.     It  must  be  rv- 
raembered  also  tliat  both  opium  atid  morphine  are  liable  to  disturb  the 
digestion  and  to  cause  nausea  and  want  of  appetite,  and  that  these  imT 
prevent  their  use  iu  cases  in  which  they  would  otherwise  be  Buitable. 
In  some  persons  opium  invariably  causes  nausea  and  vomitinir  eitliW 
soon  after  it^  administration  or  while  its  effects  are  passing  off.    Fat 
this  idiiHyncrasy  morphine  may  be  substituted  for  opium  althouU  tbia 
is  often  equally  nauseating,  or  chloral  an<l  bromides  may'  be  prpS^rM 
with  opium  to  prevent  the  unpleasant  after-effects.      Not  infrequeatlri 
hosvever,  opium  has  to  be  avoided  entirely.      In  all  chronic  nainfil 
diseases  opium  or  morphme  has  to  be  given  guardedly,  on  account  »f 
the  risk  of  the  formation  of  the  opium  habit;  the  patient  ought  to  be 
kept  in  ignorance  of  the  drug  used  as  far  as  jmssible,  and  it  should  be 
alternated  with  others.     Of  course,  in  cases  of  incurable,  hopele^^s  .it- 
ease,  where  life  can  only  last  a  comparatively  short  time  alid  iVattenJi--*! 
by  severe  suffering,  this  objectioti  does  not  hold,  and  it  may  be  neces- 
sary to  administer  morphine   without  stint    antl    in    ever-uicreasiog 
quantity. 

Morphine  and  opium  are  often  said  to  be  contraindittated  in  Brirfit' * 
disease  of  the  kidney.  This  seems  to  be  due  Ui  the  belief  that  mot- 
phine  Ls  excreted  in  the  urine,  whidi  has  now  been  shown  to  be  erwr" 
ucous.  There  seems  no  reason  to  believe  that  morphine  is  harmful  i** 
these  conditions,  ami  in  some  forms  of  urasmia  it  has  even  been  of 
cousiderablo  benefit . 
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[Acute  Poiaoning  with  morphine  or  opium  is  one  of  the  comoionest 
^5  of  intoxication,  with  the  exception  of  the  alcoholic.  It  is  often 
(ficult  to  diagnose  from  other  forma  of  unconsciousness,  but  the  ex- 
erue  contraotiou  of  the  pupils  give  a  clue,  as  a  general  rule,  and  if 
^ura  has  been  used,  the  breath  often  has  the  characteristic  odor. 
I  The  ireutmeut  is  immc<liatc  evacuation  of  the  stomach,  whether  tJie 
^ig  has  been  taken  by  the  mouth  or  not,  as  even  when  injected  hypo- 

Cniudly  it  is  excreted  into  tlie  stomach  and  may  be  reabsorbed, 
eties  may  l»c  employed  for  this  purpose,  but  often  fail  of  effect 
liDg  to  the  depression  of  the  medullary  centres,  so  that  where  possible 
ktoaiueh  tube  ought  to  be  used  iu  preference.  The  stomach  should 
{ thori^ughly  washed  out  at  intervals,  in  order  to  remove  every 
Ice  < if  the  drug  as  it  is  excrete^l.  As  the  respiration  begins  to  fail, 
pa  to  be  encouraged  by  irritation  of  the  skin,  either  by  dashing  cold 
Iter  on  it,  by  the  electric  current,  or  by  flipping  it  with  towels. 
^Mriolcni  flagellation  formerly  advocjited  with  the  view  of  en- 
Hging  the  respiration,  served  also  usually  to  exhaust  the  ners-ous 
IB^brith  of  |»atient  and  attendant.  When  these  means  fail  to  keep 
i  the  natural  breathing,  it  Is  necessary  to  resort  to  artificial  respira- 
6n,  either  electrical  or  mechanical,  and  this  ought  to  be  continued  as 
pg  as  the  heart  continues  to  beat.  Enormous  doses  of  morphine  and 
lium  have  been  recovered  from  under  tliis  treatment.  Xumemus  drugs 
been  adv<:»catod  in  acute  morphine  poisoning,  and  of  tlicsc  caffeine 
iaisteriHi  either  hyp<MlcrmicjiIly  or  in  the  form  of  strong  coffee 
the  stomach  ecems  the  most  satisfactory.  A  long  controversy  has 
carried  on  as  to  \vhether  atropine  is  to  be  considered  an  antidote 
tnorpbine  and  use<l  in  these  cases.  It  is  a  stimulant  to  the  medullary 
btivs,  and  nmy,  therefore,  be  used  in  small  quantities  ;  but  large  quan- 
a<»,  such  as  have  been  advised  by  some  authorities,  are  undoubteilly 
rmful,  OS  atropine  itself  paralyzes  the  respiration  when  given  in 
ffipicot  amount.  Bashford  states  that  the  best  effects  are  to  be  ex- 
bcted  from  about  1.5  uig.  (-j^^  gr.)  of  atropine  and  that  more  llum  this 
peuea  the  danger  of  respiratory  faihirc.  In  discussing  this  ques- 
pn  too  great  weight  has  been  laid  on  the  results  of  animal  exjM'ri- 
fcnt,  which  ia  not  convincing  iu  this  case,  as  the  effects  of  moiinhine 
tew  different  in  miin.  Caffeine  seems  certainly  more  indicated  tlian 
lupine,  for  it  is  scarcely  possible  to  paralyze  the  respiratory  centre 
Wi  the  former,  which  stimulates  it  c<iually  ytrcmgly.  Alcohol  has 
fttn  advised  also,  and  as  far  as  its  local  action  is  concernwl,  it  may 
Pcnijtfe  the  respiration,  but  it**  direct  a<^tion  on  the  respiratory  centre 
■  similar  to  that  of  opium.  Of  late  years  pcrmanganatr  of  potash  has 
w'*'i  udvisetl  in  case  of  morphine  poisoning,  iM-cause  the  poison  is  oxi- 
pwl  by  it.  A  certain  amount  of  poir^^m  in  the  stomach  may  Ik*  dc- 
P'^jwl  in  this  way,  but  the  portion  absorbed  is  unaffected  by  the  (H-r- 
piUiganate,  and  the  method  is  less  eflicaciims  than  the  prompt  and 
■BKed  use  of  the  stomach  tube.  The  hypo<l[irmic  injection  of  per- 
P^'^^te  '*»  of  course,  entirely  useless. 
Cliroaic  Opiom  or  MorpMne  FoUoauig  is  a  not  infrequent  condition, 
15 
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same  effect  as  protopine  and  cryptopine  on  the  musclee  and  ^^^"^g^^  j^ 
them  produce  insensibility  of  the  skin  and  cornea  when  apf  yl^  ■^!5!S« 
through  paralyzing  the  terminations  of  the  sensory  nerves.     "^^L  S^^ 
slowed,  partly  owing  to  stimulation  of  the  inhibitory  centres  in  ttx^  ^^j 

and  partly  through  direct  action  on  the  cardiac  muscle.  ^'^    /!oB- 

Sanguinarine  has  very  little  depressant  action,  but  causes  tetanU^  ^j  '^uiae 
excitement,  so  that  as  far  as  its  action  on  the  central  nervous  ^y^^'^z!t0^^nd 
cerned,  it  deserves  a  place  between  codeine  and  thebaine  of  the  ''\^r?  ^^ 
seriea.  It  possesses  the  same  muscular  action  as  protopine,  ho\*^^^j^tf^j_ 
the  heart  is  slowed  through  direct  affection  of  the  muscle.  Sang**'^  '*':? 
paralyzes  the  peripheral  sensory  endings  when  applied  locally,  ^^j^i^ 
paralysis  is  preceded  by  a  stage  of  irritation.  It  causes  violent  perist^ 
the  bowel,  and  increases  the  secretion  of  saliva.  4fc^^l 

p-homochelidonine  resembles  protopine  and  cryptopine  closely  in  its  ^  \%g^ 
causing  the  same  stimulation  of  the  lower  parts  of  the  brain  with  very  ^j^Ji**" 
effects  on  the  intellectual  powers,  slowing  the  heart  through  its  mu^ 
action  and  paralyzing  the  sensory  terminations.  ■  < «rt>*' 

Chelerythrine  paralyzes  the  central  nervous  system  without  any  pre*'  ^^ 
nary  increase  in  the  reflex  irritability,  possesses  the  muscular  action  of  P  ^ 
topine  and  cryptopine,  and  first  irritates  and  then  paralyzes  the  sen^ 
terminations.  ^^ 

used  in  therapeutics,  and  there  wo«^'  ^ 
seem  to  be  no  indication  for  them  that  is    not  as  well  met  by  opium  ^\. 


None  of  these  alkaloids  have  been 


morphine.  None  of  the  plants  containing  them  have  been  used  to  any  gr^^ 
extent,  although  Sanguinaria  Canadensis  was  formerly  occasionally  pf*^ 
scribed  as  a  nauseating  expectorant  and  emetic.  The  ''sanguinarine^'  of 
commerce  is  generally  a  mixture  of  the  alkaloids  with  other  con8tituent6f 
and,  like  the  other  preparations  of  the  plant,  might  well  be  dispensed  with> 

U.  S.  P.  Preparations. 

Sanguinaria,  the  rhizome  of  Sanguinaria  Canadensis,  bloodioot,  collected 
in  autumn. 

TinctiiTa  Sanguinarice,  1-2  c.c.  (15-30  mins.). 
Fluidejctractum  Sanguitiariee,  0.1-0.5  c.c  (2-8  mins.). 
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W    HYDRASTINE  AND  HYDRASTININE. 

KxMAm  alkuloul  which  is  closely  relate*!  to  thcwe  of  opium  cheni- 
iaJly  and  I'narmapologically,  is  Ifylrantinef  which  occurs  in  the 
IlydrLttk  CauaUensis  (Golden  Seal)  along  with  BerUrine  and   Oina- 

riinr. 

HxawAOf  (C^,H„N'0J,  wben  exposed  to  oxidizing  ngcnta  wicli  b»  potaiwiuiu 

WlBglimg,  i5  dt!Coniii»se<t  inl*>  uptuiiic  acid  :uh1  //[[/r/rrwfiniHf  (C,,H,,N0,), 

MridHTaJfcalyiJ.    Nun^otinc  ((.'  II„N<  U,  the  opium  alkiiloid,  uudergoea  a  ainii- 

iirJii-.iio/imition  iiiU)  upiimit-  acid  and  Cotamine  (G„H,jNOj).      Uydrastine  uiid 

niTOtiae  fiiffor  iiuljr  in  a  h)dn»gtn  atom  of  the  forinpr  bt^ng  i«ul»f»titutcd  by 

— 'K'H,  in  liir  lattpr,  ami  a  similar  relation  exists  between  hydnmtinine  and 

o4yuiar     Al!  fijiir  an?  derivativea  of  itMM|tiinolinc.      The  action  of  bydrastiH  is 

milir  lo  liiflt  of  lirdnuitiiie,  the  berberine  and  canadine  having  little  eti'ect ;  the 

liUtf  i«  M  pouonooa  ge  bydrastine,  but  is  pretient  only  in  very  small  quantities 

iBlkepluL 

ietfoo.  — Hvdrnntine  causes  in  frogs  an  increase  in  the  reflex  irrita- 

imi  eventually   tctauus  exactly   resembling  that  prmluced  by 

iu(?,  and  like  it  terminating  finally  in  paralysis.     Unlike  strych- 

twever,  it   weakens  and   eventually  paralyzes  the  muscles  in 

...  «.;.!■  way  as  the  alkaloids  of  sanguinaria.     The  heart  is  rendered 

i^iowflod  weak,  partly  by  the  central  stimulation  of  the  inhibitory  ap- 

parjtut  :irid  partly  by  direct  action  on  the  muscle  fibres. 

In  niammals,  the  pulse  is  slowed  by  comparatively  small  quantities, 

thilf  nornowlmt  larger  iloses  cause  general  feebleness,  tremor,  dyspnoea, 

aod  incoordination  in  the  raoveraeuts.     Very  large  qtiantitics  elicit 

doaic  iml  then  tonic  convulsions  and  tetanus,  during  which  the  respira- 

oease.s.     The  pulse  is  slowed  at  first  from  stimulation  of  the  vagus 

%  ie  aflerwanls  quickened  fnim  its  piirnlysis,  and  still  later  l>e- 

ONDM  slow  again  from  direct  action  on   the  cardiac  muscle.     The 

biood-pr«asure    rises   from   constriction    of  the   arterioles    but   after- 

wmU  fklls,  partly  from  their  dilatation  and  partly  from  the  weakness 

jOf  the  heart ;  the  constriction  of  the  arterioles  is  due  to  stimulation  of 

ftkeviso-motor  centre  in  the  medulla.     Several  authors  have  asserted 

[Has  the  injection  of  hydrastine  solution  is  followed  by  rhythmic  con- 

of  the  uterus  similar  to  those  oliserved  during  labor,  but  this 

been  denied  by  others,  and  cannot  be  said  to  have  been  sntisfac- 

wtiiblished    either    by   experiment  or  by   clinical  experience. 

statement   which   is  frequently   met,   is   that  hydrastis   and 

kydnuhne  increase  the  secretion  of  the  bile,  but  tliis  is  founded  upon 

*rfeot  experiments  and  is  in  all  probability  erroneous.     Hy- 

has  DO  local  anresihetic  action. 

BVdnfltine  then  stimulates  first  the  centres  of  the  medtdla  oblongata, 
prDdttcfQt  slowing  of  the  pulse,  an  increased  arterial  tension  and 
ler»c«d  n^piration.     Larger  quantities  stitnuhite  further  the  spinal 
evi*ntually   |>aralyze  both  medulla  and  cord.      In  addition 
centn&l  action,  hydrustine  weakens  and  paralyzes  muscle,  this 
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being  confined  to  the  heart  in  warm-blooded  animals,  but  extcndiuf; 
to  the  ordinary  striated  mnsolc  of  the  frog. 

These  effects  would  a|>pear  to  give  hydrastine  a  position  near  that  oi 
thebaine,    though   it   dillers    from    moHt   of  the  opium    alkaloids    ^^ 
seeming  to  act  more  strongly  on  the  medulla  than  elsewhere  in   ti»* 
central  nervous  system.     Its  action  on  the  heart  and  muscle  is  ana^**' 
goiis  to  that  of  several  of  the  opium  alkaloids.     Ilydrastinc  isexcrc^*-*^' 
as  Btich  in  the  urine,  and  does  not  form  hydnvstinine  in  the  (»rptnii^ 
H8  might  Imve  been  surmised  from  its  Ixihavior  towards  oxidiziug  sv* 
stjinees.     When  it  is  administered  for  some  time,  a  cumulative  act£^ 
is  said  to  be  develope<l. 

Canadine  in  small  quantities  protlnces  depression  and  drowsinefis  follow*^^ 
by    complete  recovery   without  fui-thor  Hymptoms.     In  larger  quantities  ^\J 
Bun^e  found  that  it  caused  a  short  ^tu^e  of  excitement,  which  waH  foUowe^** 
by  depression  and  7>aralysis  of  the  central  nervous  system.     It  has  little  of 
no  effects  on  the  mammalian  circulation   when   administered  in   ordinary 
doses,  but  very  large  quantities  cause  weakness  iind  arhylhmia  of  the  heiirt, 
Its  injection  Is  followed  by  violent  peristalsis  uf  the  intestiue  and  dlarrhfcu, 
Canadine  is  present  in  only  verj*  small  qimntity  in  the  Golden  Seal  and  liiw 
apparently  little  importance  in  thenvpeutics. 

Hydrastinine,  an  artificial  alkaloid  formed  from  hydraatine,  has  of 
late  yeard  attacted  a  certain  amount  of  attention  from  its  alleged  power 
of  arresting  hemorrhage.  It  seems  to  dilfer  from  hydrastine  in  caiis- 
ing  no  marked  disturbance  of  the  centres  of  motion  and  feeling  save 
in  enormous  dosesj  which  paralyze  the  nervous  system,  and,  in  the  frog, 
the  terminations  of  the  motor  nerves  in  muscle  (Sautesson).  On  the 
ntlicr  hand,  its  action  on  the  medulla  oblongata  resembles  that  of  the 
parent  substance.  The  heart  is  slowed  somewhat  by  small  doses^  a|>- 
])areutly  from  stimulation  of  the  vagus  exfntre,  and  the  arterial  tension 
rises  further  than  after  hydrastine.  Unlike  the  latter,  however,  hy- 
drostinine  causes  a  very  j)mlonged  augmentation  of  the  blootl-prtsisure, 
because  it  does  not  tend  to  depress  the  heart  to  the  same  extent  as  hy- 
drastine. In  fact,  several  authors  believe  that  it  incre;is<'s  the  effi- 
ciency of  the  heart  movements  from  action  on  the  tnuscle,  although  the 
pulse  may  be  somewhat  slowed  by  stimulation  of  the  inhibitory  centre, 
AlV^r  very  large  <pmntities,  the  puL»e  is  often  ejctreraely  rapid  fn>m 
paralysis  of  the  inhibitory  centre. 

The  cause  of  the  ituTcased  arti^rial  tension  is  still  undecided.  There 
flcems  to  be  uiuUtubtod  Htimnlaiion  of  the  vaso-motor  centrp,  but  ac- 
cording to  some  writersj  the  peripheral  vessels  are  contracted  by  direct 
action  on  the  walls  an  well.  This  statement  seems  open  to  question, 
iiowever,  none  of  the  experiments  on  whicli  it  is  founded  being  alto- 
gi'lhcr  siUi'^iiutory  ;  thiis,  while  Falk  found  well  marked  contraction 
of  till-  alMl<*minul,  and  especially  of  the  renal  vessels,  v.  Bun^  denies 
that  the  renal  vessels  are  constricted.  It  has  been  repeatedly  stated 
that  hydrastinine  produces  rhythmicid  contraction  of  the  uterus,  and 
ev<*n  abortion  in  animals,  but  this  floes  not  seem  to  be  a>rrect.  It  ap- 
pears to  have  uo  direct  action  on  the  muscle  of  this  organ,  but  its  ves- 
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wLt  undergo  constriction  like  those  of  the  rest  of  tlie  body,  and  this 
may  stop  htemorrhniiije  and  at  the  same  time  cause  asphyxia  of  the 
fiMus  and  alKirtioti.  It  iniist  Im."  stated,  however,  that  several  writers 
m  hydrastinine  hold  that  it  causes  contraction  of  the  ntcrus  through 
Mtion  on  the  muscle,  and  the  question  deserves  further  investigation. 
Archaiigelsky  states  that  a  10  per  cent,  solution  of  hydrastiuine  ap- 
|»liwl  Irittilly  causes  dilatation  of  the  pupil,  which  reaches  its  maximum 
in  i-S  hours,  and  lasts  for  12—15  hours. 


PHEPA  RATIONS. 

Hydnstis  (U.  fi.  P.),  Hydrastis  Ehizoma  (B.  P.),  the  rhizome  and  roots 
of  llyilnwtL-i  <_*ai)a<U"nsia,  Golileu  St'ul. 
Fhwkrtnjrfiim  HyiiraxtiM  \V .  S.  P.).  1^  c.c.  (15-flO  niins.). 
Erlr^tcfum  IlyHnutu  hiquidum  (li.  P.),  5-15  mills. 
Vfvfrriium  ihjdrtuiti*  {V .  S.  P.),  1-4  c.c  ( 15-«0  mins.). 
T"-h,rn  Ififrir(w/iM{V.  8.  P.,  B.  P.).  1-*  f-t'.  (!•>-«<'  mins.). 
'/  '  m/i/w  l.U.  S.  P.).  white  bitter  cn'stiil**  Hlnntst  iiitMilulde  in  water. 

•fmiiur   Uijdroi^hhridum  (U.  S.*  P.).    O.O.VO.  1  G.    |i-2  gru.).  given  in 
;iy]>iMlrTmirally  or  by  llit;  mouth,  or  in  pilln  or  tablets, 

Therapeutic  Uses.  —  Hytlrasti.s  has  been  used  as  a  stomachic  bitter 
»inl  the  large  quantity  of  bcrberlue  cx)ntaiued  in  it  would  seem  to  give 
It  a  [ilaco  along  with  the  simple  liitters.  It  has  also  been  credited  with 
wjitMtlwcnre  action  on  tln'  mucouH  membranes  when  locally  apphed, 
ttirougli  which  it  is  said  to  beneKt  many  forms  of  catarrhal  inilanuna- 
tiot).  [•'or  this  purpose  the  glycerite  may  be  used.  Bi'si<les  various 
ttimlitiouH  in  which  its  use  was  attended  by  douhtful  siioeess,  it  has 
Ijtfn  used  in  htemorrhage  from  the  uterus;  but  for  this  piirjwse, 
Mnwtininc  ought  to  l>e  preferretl,  as  it  causes  a  much  greater  con- 
striction of  the  peripheral  vessels  than  hydrastiue,  and  acts  less  on 
tin?  heart,  Tlie  conditions  in  which  it  is  indicated  seem  to  be  moder- 
ito  hajmorrhage,  for  which  no  contraction  of  the  uterine  walls  is  re- 
quired ;  for  example,  hydrastinine  is  of  value  in  excessive  menstrual 
Sow,  while  in  post-partnm  hiernnrrhage  it  fvi^iMus  to  have  little  eifect, 
^iisfr  here  the  lueraorrhagc  is  to  be  met  ratlier  by  iuducing  contrac- 
«oii  ot  the  uterine  walls  by  the  use  of  ergot  than  by  constricting  the 
ve&fck  There  seems  no  reason  why  hyilrastininr  shouhl  not  Iw  used 
tn  other  forni:^  of  hjcraorrhage,  for  it  dcH?s  not  act  more  on  the  uterine 
vesticlfl  than  on  others  throughout  the  body. 

Hydrastinine  Ims  been  found  to  IcHSfu  s(Miifwliat  tin-  irritability  of 
th*'  motor  areas  of  the  brain,  and  iU  use  has,  therefore,  been  suggested 
"•  Ppiiepsy. 

Colarniue  ha^  been  introHuned  nnfler  the  name  of  Stifpficine  as  a  substitute 
fw  ImlnwtiniiU'  in  uterine  ha-morrhaj^u.  Dose,  0.02-0.0:5  tl.  {\-\  gr.).  It 
'^'■niblcs  hydrastinine  in  iti»  general  action  aud  has  received  iM)mc  recoiu- 
"'i^^OD  at  tlie  hands  of  gynecologists. 
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V.    CANNABIS  ZNDIOA. 

The  hemp  plant  possesses  no  pharmacological  interest  when  grov^^^ 
in  temperate  regions,  but  when  cultivated  in  warm  climates  as  M^- 
India,  Egypt  or  the  southern  United  States,  it  develops  products  whictl' 
induce  marked  derangements  of  the  central  nervous  system.      Tb^ 
Indian  plant  was  formerly  supposed  to  be  a  distinct  species,  but  differs 
so  little  from  the  European  form  that  botanists  now  consider  them 
merely  varieties.     The  old  name  of  Cannabis  Indica  has,  however, 
been  retained  in  medicine.     Its  introduction  into  Western  medicine 
dates  only  from  the  beginning  of  last  century,  but  it  has  been  used  as 
an  intoxicant  in  Asiatic  countries  and  in  Africa  since  unknown  time, 
and  under  the  names  of  Haahishj  Bhaiig,  Ganja,  Charas  or  ChuirWf 
is  habitually  indulged  in  by  some  one  or  two  hundred  millions  of 
mankind.    Some  of  the  preparations  are  smoked  either  alone  or  mixed 
with  tobacco  j  others  form  an  intoxicating  drink,  while  in  others  it  is 
mixed  with  sugar  or  honey  and  taken  as  a  confection. 

The  active  principle  of  Indian  hemp  has  been  found  by  Wood,  Spivey  and 
Eastorfield  to  be  a  red  oil  or  resin  boiling  at  a  high  temperature,  which  they 
term  Cannabinol ;  this  was  found  by  Marshall  to  indut-e  the  typical  effects  of 
cannabis  indica  in  man  and  animals.  Frankel  states  that  cannabinol  is  a  phe- 
nolaldehyde  of  the  formula  OH-C„H„COH. 

Symptoms.  —  The  effects  of  cannabis  indica  are  chiefly  due  to  the 
changes  in  the  central  nervous  system,  in  which  it  induces  a  mixture 
of  depression  and  stimulation  similar  to  that  seen  occasionally  under 
morphiue.  Its  action  is  much  less  constant,  however,  and  seems  to 
depend  very  largely  on  the  disposition  and  intellectual  activity  of  the 
individual.  The  preparations  used  also  vary  considerably  in  strength, 
and  the  activity  of  even  the  crude  drug  seems  to  depend  very  largely 
on  the  climate  and  season  in  which  it  is  grown,  so  that  great  discrep- 
ancies occur  in  the  accounts  of  its  effects.  Soon  after  its  administra- 
tion, the  patient  passes  into  a  dreamy,  semiconscious  state,  in  which  the 
judgment  seems  to  be  lost,  while  the  imagination  is  untrammeled  by 
its  usual  restraints.  The  dreams  assume  the  vividness  of  visions,  are 
of  boundless  extravagance,  and,  of  course,  vary  with  the  character  and 
pursuits  of  the  individual.  In  the  eastern  races  they  seem  generally 
to  partake  of  an  amorous  nature.  The  true  believer  sees  the  gardens 
of  paradise  and  finds  himself  surrounded  by  troops  of  houris  of  un- 
speakable beauty,  while  the  less  imaginative  European  finds  himself  un- 
accountably happy  and  feels  constrained  to  active  movement,  often  of  a 
purposeless  and  even  absurd  character.  Ideas  flash  through  the  mind 
without  apparent  continuity,  and  all  measurement  of  time  and  space 
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ix  hi^t     Tnie  liallucinatiouA  may  a]»|)c:ir,  but  are  often  absent,  the 
cliirf  featuivs  of  the  action  being  merriment,  comfort,  well-being  and 
t<fiU^tiii^tioD.     Otleu    less  pleas;int  tliou^hta    obtrude    themselves, 
rever,  such  as  the  fear  of  impending  death  or  of  st»me  imminent  in- 
definite danger.     During  this  period,  the  consciousness  in  not  entirely 
loat,  for  the  |>atient  often  feels  that  his  drcimis  arc  unreal,  his  satisfaction 
imfuiiude<l  and  his  movements  ridiculous,  but  he  cannot  restrain  them  ; 
hff  can  give  a  coherent   account  of  his  condition  when  aroused  and 
tittver  questions  intelligently.     The  sc^nsation  of  pain  is  lessoned  or 
mtiitly  absent,  an<l   tlie  sense  of  touch   is  less  acute  than  normally. 
l^icr  the  dreams  alternate  with  pcritxls  of  oniplete  unconsciousness, 
itom  which   the  patient  can  lie  arouse<i  easily,  and  the  symptoms 
tventually  pass  into  tra.Dquil  sleep,  from  which  he  awakes  refreshed, 
nd,  u  a  rule,  M'illiout  any  feeling  of  <lepression  or  nausea.     In  the 
aBjnrity  of  cases  the  preliminary  stage  of  exaltation  is  very  short  or 
wiirviy  absent  in  Europeans,  the  first  eifects  of  the  drug  often  l>eing 
baivincfis,  drowsiness,  noises  in  the  ears  and  numbness  of  the  extrem- 
itiec,  which   pa.ss  into   deep  sleep.     Accordiug   to  Dixon  the  dnig  is 
much  more  exhilarating  when  inhaled  than  when  swallowed,  and  this 
marsooouDt  for  some  of  the  variations  in  its  action.     In  some  cases, 
acute  mmiia  and  cimvulsivc  attacks  have  been  developed,  and  among 
Um*  maives  of  India  catalepsy  occasionally  occurs. 

la  aninuils,  tlie  effects  of  cannabis  inditra  seem  to  resemble  those  in 
man  and  present  the  same  marked  variations  ;  a  stage  of  exuhatiou  with 
ioftttwrd  movement  is  sometimes  present  and  is  followed  by  depres- 
*ion,  lassitude  and  sleep.  The  reflex  excitability  is  tirst  increased  and 
then  diminished  in  frogs.  Vomiting  is  often  induced  in  dogs  and  cats, 
hdtcaunabis  indica  differs  from  opium  in  prmlucing  no  disturbance  of 
tW  digestion  and  no  constipation.  The  heart  is  generally  accelcniled 
ra  man,  ivhen  the  drug  is  inhale<l ;  the  intravenous  injection  in  animals 
tlom  the  pulse  jHirtly  through  inhibitory  stimulation  and  partly 
tknwgh  direct  action  on  the  heart  nnisclc.  This  action  on  the  heart  is 
»talM|  bv  Dixon  to  l>c  the  cause  of  death  after  poisonous  quantities,  for 
\tt  fouDd  the  rvspiratiou  |>ersist  for  some  seconds  after  standstill  of  the 
iHiBTt.  The  pupil  is  generally  somewliat  dilate<I.  Polyuria  is  stated 
to  occur  in  dogs  in  which  caunabinol  apjK'ars  to  Ik.-  excreted  by  the 
kadnote  in  cnmbiimtitm  with  glycuronic  acid  (Friinkel). 

Death  fn»m  acute  |x.»isoning  is  extremely  rare,  and  recovery  has  oc- 
eonvd  after  enonnous  4lovSes.  The  <H.»ntinu^'d  abuse  of  hashish  in  tlie 
East  aometimtrs  leads  to  mania  and  dementia,  but  does  not  cause  the 
«iiv- diftarfatincc  of  nutrition  as  opium,  and  the  habitual  use  of  small 
quiintitit^,  which  is  almost  universal  in  s<mie  Kasteni  peoples,  dtM's  not 
aamcirtrimeDtJil  to  them,  although  among  Europeans  it  might  {>ossibly 
^W  frtal  aa  that  of  morphine.     6ome  tolerance  is  rapidly  acquired. 
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Preparations. 

CannaMs  Indioa  (II.  S.  P.,  B.  P.),  Indian  hemp,  the  flowering  lot*  of  the 
fcmalf  [iliuu  iif  Cannabis  WLtivn  (hemp),  grown  in  thi*  Ka»t  Indies*. 

Rrtnictum  Oinmiln*  Indictr.  (U.  S.  P.,  B.  P.),  0.02-O.Oti  U.  (i-1  ^.)- 

I^uidej-tmcium  Oinnabin  Indicce  (U.  S.  P.),  0.1-0.8  c.c.  (2-.'i  niins.). 

TlNrrtTBA  CANNARI8  IndiCvE  (U.  S.  P.,  B.  p.),  1-2  r.o.  (15-30  mins.). 

The  preparations  vury  extremely  in  Btren|t!;th  and  many  are  entirely  inert, 
especially  when  thoy  hiive  been  kept  wime  lime.  The  tinoffieial  prepori- 
tionH,  8urh  au  ''cannabin  tannate,'*  cauuabinou,  eU*.,  neem  to  be  no  more 
reliable  than  the  pharmacopceial  ones,  and  otl'er  no  advantages  at  all  com- 
mensurate with  their  prire. 

Therapeutic  tJses.  —  Cannabis  indica  is  used  as  a  hypnotic  in  cases  of 
slwplessne.s.s  from  nervoii-s  exhaustion  and,  less  often,  from  pniii.  It  is 
not  nearly  so  reliable  as  opium^  and  in  fact  piVKluces  sleep  in  only  about 
50  per  cent,  of  the  cases,  according  to  sotne  authors.  On  the  other  hand, 
it  does  not  disturb  tlip  digestion  and  produces  no  8ii!>sequent  nausea 
ami  depre-s-^ion,  and  ruay  therefore  be  employed  in  some  cases  in  which 
opium  is  conti*aindicate<!.  It  is  of  nse  in  some  cases  of  migraine,  and 
has  been  prescribed  as  a  substitute  for  opium  in  mental  diseases. 

Lactucarium  (U.  S.  P.),  the  dried  juice  of  Lactuca  virosa,  the  rommon 
lettuee,  is  reputed  to  have  some  hypnotie  properties.  It  contains  neutral 
bitter  subsljinccs.  lactucin  and  iacturon^  and  it  has  been  stated  recently  tliat 
traces  of  hy<»stryumine  and  atropine  are  also  present.  In  any  case  its  aetion 
is  so  feeble  that  half  an  ounce  has  been  administered  ton  dog  without  cHV^t^ 
and  it  seems  quite  unneccssttrj'  to  include  it  in  the  pharmacsoptria. 

V.  S.  P. — Tinviura  Laeiucarii. 

SyrupM  Lactucani. 
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VI.    APOMOEPHINB. 

"When   morphine  is  acted  on  by  acids  and  by  some  other  dehydra" 
ing  agents,  it  loses  a  moletrule  of  water,  and  a  new*  alkaloid  is  formedy 

Through  this  change  the  action  of  the  original  alkaloid  is  oonsider- 
ably  mollified  ;  apnmorpliine  prcscr\-es  the  stimulant,  btit  loses  to  a 
great  degree  the  depressant  action  of  morphine  on  the  central  ncr\'ous 
sysWm,  Tliis  stimulant  action  extends  over  tlie  whole  central  nervous 
system  in  animals,  but  is  moat  devclo[>ed  in  the  "  vomiting  centre  "  of 
the  me<liina  ttljlongata. 

Symptoms.  —  In  man,  apomorphine  in  doses  of  5-10  mg.  (A— 1  gr.) 
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wiUuD  10-15  minutes  nati^^cu  and  vomiting,  afx^ompanin)  by 
ihp  ttfu.il  attendant  phenomena,  hut  with  no  symptoms  which  cannot 
Irtlircftly  iufludwi  in  these.  Very  often  the  nausea  passes  off  imme- 
(liak'Iy  nfler  the  evacuation  of  the  stomach,  but  when  lacger  quantities 
bive  been  adiuinihteriMl,  reiieated  vomiting  and  retching  may  occur. 
Oorasionally  depressirtn  and  sl(H*p  follow  trie 
tmrjis  after  even  small  doses.  F»«.  19. 

The  miendant  symptoms  are  profuse  saliva- 
tion, inereased  secretion  (tf  the  muwjus  glands 
o{  tltp   nose,  throat  and   bronchial    passages, 
ttar?  and  a  cold   jwrspiration.      A  feeling  of 
<Jfpri"«vion  an^l  muscular  weakness   and  accel- 
mtfiijn  of  the    pulse    are    also    well-known 
»j*miiloms  accompanying  nausea  and   vomit- 
ia^   aod    are    present    after    afH)murphine. 
Tbmeare  all  to  be  regiirded  as  si^fpiela!  of  tin* 
rmttie  action,   however,  and  not   as  due  to 
•^  direct  action  of  the  drug  on  the  glands 
otlwrr  org:ins.      In    a    few  instances    tlie 
drprcsfiioQ   and    weakness   have    passed    into 
sWming   collapse,    but  no  actual   fatality   is 
reronled  from  the  use  of  ajiomorphine. 

V^cry    small    iloses    of   apomorphine   may 

.induce  the  scctjiidarv  syni|itoms  withcjut  actual 

liting.       Thus    the    ^liva,    jM'rsplnitinu, 

aiwl  oihcr  secretions  may  be  augmented 

quantities  which  are  Un^y  small  to  act  as 

though    there    is    no    quchtion    that 

•   due    li»    the     commencing    emetic 

In    ^logs   and    eats^  small  quantities   elicit 
Ibc  name  efTects  as  in  man,  but  larger  dases 

■  iw«)d  bv  svmpt4fms  ot  gencnil  nervous    mj^-ti.m  ..f  »iMinmn.iiine  (Aj  u 

ition.      In    the    herbivom,    which    are    l^'^^^J^'i;^^, !::-i;^;'^ ''■''• 

l]iublc  of  vomiting,  these  sympton)^  follow 

ijeclion  of  <^m|)4irativtily   small    quantities   and  are   much    more 

1.    The  rabbit,  f<>r  example,  Ixx-omes  restless  and  easily  alarmed  ; 

live*  abfjut,  climl>s  up  tlie  walls  of  its  cage  and  gnaws  anything  it 

caa  nndi.     Circus  movements  are  develo|>ed  very  often,  esjH.vialiy  iu 

^^^■do^^  tbeaninml  nuuiing  unceasingly  iu  a  cirelfiuxl  striking  ag-ainst 

^P^Kadr^  in  \U  jiath,   upjuireutly   unconscious  of  all   its  surroundings 

I^Dcl  o%'rroome  by  the  impulse  to  continual  movement.    The  respimtion 

i»  xrry  much  atx^deratwl  (Fig.  IM).      After  very  largo  quantities  the 

liio%'ctnK*nts    iHM^fuie    It^s  c<M»nliuuted,   and   eventiuiUy   teUinic  convul- 

iio<9  set  in,  during  which   the  rcspiratir>u  ceases,  while  the  heart  con- 

lo  beat  for  some  time  afterwanl. 

tine  induces  vomiting  through  changes  in  the  medtdla  ol>- 


nra|ihlc  revonl  of  Ute  muniiitt 
of  Btr  iarplrvfl  by  a  rnbbll  >a«r 
u|iuini>r|iliUir.  Ilie  Ttiluiuf  in- 
HjiinHl  in  tMr\\  2V^  iiiliin.  Ih  tnnu- 
lired  lilniig  the  in  rpciiciU-ulir.  tito 
tlmo  Aloiitf  %\w  liuriKoiiial  line. 
At  {\t*\  alHoit  <><M)  iM'.  rcnmwnls 
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longata  and  not  liy  irritation  of  the  Htomocb.  Tliis  is  shown  by  tl» 
fact  that  it  arti^  much  more  <iuickly  and  in  .smaller  doseSi  whi-'Q  h  ii 
iojecteil  hypo<lcrmicalIy  than  when  it  is  swallowed,  and  also  byiiMrM 
that  if  the  mQflulla  l>e  hnmheil  with  apomorphine  solution,  vomitiog 
follows  immediately.  It  is  even  disputed  whether  apiimorphini.'  lias 
any  effect  on  the  gastric  movements  at  all,  for  Batelli  states  tliatilw 
stoniaeh  remains  quite  passive  during  vomiting,  while  Schutx  found  H 
undergoing  antiperistaltic  movements  toward:s  the  cardian  orificie.  In 
any  case  the  movements  of  the  stomach  play  an  unimportant  port  ill 
the  evacuation  of  its  contents  by  apomorphine,  and  all  the  phenomeni 
in  man  are  to  be  ascrilx^d  to  medullary  action. 

Apomorphine  is  said  to  have  some  anEesthetic  effects  on  the  conwi 
when  a  solution  is  dnjpped  upon  it.  It  causes  cloudinesa  and  ood»* 
qncnt  dimness  of  sight,  however,  and  has  not  been  uj»ed  jiracticnOy 
for  this  ]>urpose.  A|X)moq>hine  is  not  excreted  into  the  stomach 
like  morphine,  nor  has  it  been  found  in  the  mucous  membranes  of 
the  air  passages,  and  it  is  possible  that  it  is  decomposed  In  thi 
tissues. 

The  symptoms  induced  by  apomorphine  resemble  in  some  degre 
those  fnllowinji^  morphine  in  many  animals,  for  here  too  the  first  svnil 
Xamm  is  vomiting  accompanied  by  signs  of  excitement,  whicii  are,  ht>' 
ever,  generally  attended  by  those  of  depression  of  some  parts  of  * 
central  nervous  system.  The  similarity  between  the  effects  of  apoiD*< 
phinc  and  of  morphine  on  the  cat,  for  example,  is  particularly  strikt» 
In  man,  however,  the  effects  are  very  different,  for  apomorphine  sec? 
to  iiave  lost  all  the  depressant  action  of  tlie  parent  bo<ly,  although  h< 
again  it  must  be  remembered  that  morphine  occasionally  causes  voica 
ing,  84:)  that  apoiufirphine  does  not  depart  so  far  from  the  type  of  <l 
opium  alkaloids  aii  would  at  first  sight  appear. 

In  the  frog,  aponiorr^hine  causes  a  transient  stimulation  of  the  cpntral  nenrc 
iyateiti,  follciwod  by  dopresaion  and  paralysiM.  Larger  quantities  wcakeo  ■■ 
{laralyze  the  niuticlf-s  and  the  henrl  tlirough  diret'l  artion  on  the  fibres*.  T 
inu!<<:ular  action  uiay  alto  be  deiitoiitstnitod  on  excised  niiiiu-leiii,  in  which  t: 
eliii*ticity  is  ler*t*ened,  and  the  contractiunj^  beirjme  weaker  and  eventually  c« 
entirely.  This  wrakcninp  in  the  contraction  of  the  mUBcles  liae  not  b* 
obsen'ed  in  nmumialH,  an«l  is  quit<*  distinct  frotn  the  fefling  of  weuknesfi  accoi 
panying  nausea  in  man,  for  the  latter  is  certainly  uf  cerebral  origin.  No  cine 
ia  induced  in  frogs,  although  these  animals  are  not,  like  the  herbivora,  iucapat 
of  vomiting. 

AjtoeiHlcinc  \»  formed  from  codeine  in  the  same  way  ftt.  apomorphine  frc 
morphine,  but  it  differs  entirely  from  aponiftrphiue  in  its  action  and  reAemh 
nicotine  in  paraly/.ing  the  sympathetic  ganglia.  It  causes  purgation  wh 
injected  bypotlfnnirjiUy,  apparently  from  removing  the  uormal  inhibition  of  t 
bowel  nu)vemeul4(  (Dixon].  If  codeine  be  heated  with  hydnwhloric  acid  (B,  P 
apomor])hine  ia  formed,  and  not  apocodeinc. 
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Apomorphine  HYnROCHi/iRinrM(tT.  8.  P.,  B.  P.),  S-ft  mg.  (j^-iV  ^•)» 
iNJECTio  Arouoiti'UiK£  HvponEBMiCA  (B.  P.),  1  per  cent.,  5-10  mms. 
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AiHimoriihino  hydrochlomte  is  a  grnyish-white  crystuUiuo  substance,  vi^ 

iWiiiii  water  antltuniio^  Jurk  green  or  oven  black,  especially  wheu  kept 

m  ^Hitiitiun.     This  chiinf^e  in  color  dues  not  appoar  to  impair  ItA  artivity 

iabU*.     The  do?<€*  given  above  are  those  for  hypodermic  uso  t*)  induce 

Itiug.  Tbc  8amo  quantity  may  l>e  given  by  the  muuth  us  an  expccturuut. 

Ih«nipe«tic  Uses.  —  Apomorphine  is  iised  chiefly  as  an  emetic,  and 

)r  nmw  [MirjMtses  pivsentj^  several  advaiitajj^es  over  the  older  driij^ 

_«iiHloyt*(l  with  this  object,  inasmuch  as  it  acts  more  promptly  and  can 

luiminifttered  by  the  hypodermic  needle,  wliile  the  other  emetics 

re  to  lie  given  by  the  mouth,  which  Is  a  serious  driiwback  in  cAseti 

uf  imisoning.     The  more  important  of  these  older  drugs  are  iiiecacu- 

U)ki,  larLnr  emetic  (antimony),  ammonium  carbonate,  tiie  sulphates  of 

(npjKTiiud  zinc  and  alum. 

Vomiting  ia  not  now  such  an  important  method  of  treatment  as  it 

formerly,  and  the  emetics  are  Ichh  frequently  employed  to  evacuate 

Monoaeh  than  other  leas  heroic  measures  such  as  the  passiige  of  tJie 

stomach  tube.     Emesis  may  be  indicated  in   poiKonin^,  and   here  apcv- 

'uiTjiliiue  ia  especially  useful.     But  in  tbc  great  majority  of  cases  a 

belter  metliod  of  treatment  is  repeated  washing  of  the  stomach  by 

DMans  of  the  stomach  tube,  for  in  narcotic  poisoninj^  apomorphine  not 

lufroqucnlly  fail^  to  act  owing  to  the  depression  of  the  vomiting  centre, 

aaii  in  corrosive  poisoning  a  certain  amount  of  dunger  attends  its  use, 

*stlic  pressure  on  the  walls  of  the  stomach  exerted  by  the  contraction 

^  llw  diaphragm   and  abdominal  muscles  may  lead  to  the  nipture  of 

weakened  walls  of  the  organ.     In  irritant  poisoning,  on  the  other 

id,  the  reflex  vomiting  set  up  is  generally  suflicient   to   empty  the 

st')mach,  and  the  indications  are  rather  to  allay  tlie  gastric  irritation 

^11  to  increase  it  by  causing  violent  movements  of  the  abdominal 

^Ife  ly  apimorphine.     Emetics,  such  as  apomoqjhine,  have  been  us«l 

^a?ion;dly  to  cause  pressure  on  other  alKlominnl  organs,  r.  //.,  on  the 

!BiIl-l>Lid(ler  in  order  to  dislodge  a  calcuUis  or  plug  of  mucus  in  the 

^«ctu^  choledochus,  but  this  treatment  is  not  to  be  advise<l,  owing  to 

*l>c  risk  of  rnptnrc  of  the  gall-bladder.     Occasionally  emetics  are  nsctl, 

^•pecially  in  chihlren,  to  expel  btxlies  from  the  air  passages,  as  violent 

^vtroent*  of  expiration  are  pro*liictKl   during  oniesis.     Apomorphine 

fe""fU|K(nitivelv   rarely   Uf*<il   for  this  purpu*e,  lu'Wever.      In  cases  of 

•Af'king  due  to  foreign  bodies  lying  in  the  pharynx,  vomiting  is  often 

Wfirial,  but  the  emetics  act  too  slowly  to  be  (»r  benefit  here. 

'>rai*ionalIv  vomiting  is  still  induced  as  a  preliminary  to  treatment 
"f  various  conditions  not  relattnl  to  the  alimentary  canal  ;  thus  before 
wjBKiitnciug  the  treatment  of  malaria  with  ([iiiiiiiic,  the  st^nnach  is 
fotmtimefi  emptied  by  au  emetic,  while  the  bowel  is  e vucimtetl  by  a  purge. 
A  second  tise  of  emetics  is  in  inflammator)'  winditions  of  tbc  res- 
pniUiry  (Hissages ;  the  object  here  is  to  induce  an  increased  secretion 
•"t^'^ut  producing  eraesis,  and  very  small  quantiti(^s  are  therefore 
****^J.  The  sp**f'iai  eriudition  in  which  this  chiss  of  ivuiedics  is  of  ser- 
Tice  is  bn^aehial  irritation  with  a  sticky  mucous  secretion  which  causes 
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w)iigli,  but  can  only  be  expectorated  with  difficulty.  The  iiulic^tions 
are  for  a  mild  and  prolonged  action  such  as  can  be  induced  by  small 
doses  of  ipecacuanha,  antimony  and  similar  bodies,  rather  than  for  the 
more  transient  effeets  of  aporaorphine,  but  the  latter  has  l)een  adviiied 
by  some  authorities.* 

EmesiB  is  contraindicated  in  all  conditions  in  which  a  sudden  rise  of 
blood-prcsHure  may  be  dangen)us,  as  in  atheroma,  fatty  heart  or  anea- 
rism,  and  where  there  is  any  danpcr  of  rupture  of  the  abdominal  walls 
or  organs  as  in  hernia,  adviineed  pregnancy  (especially  if  there  be  any 
tendency  to  abortion)  gastric  ulcer,  and  generally  in  impacted  gall- 
stone. 
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Vn.     PRTJSBIC   ACID. 

Prussic  or  hydrocyanic  acid  differs  entirely  from  the  other  acids  ui 
its  pharmacolc^ical  action,  and  has  tlierefore  to  be  described  apart 
from  them. 

Tl»e  pure  acid  is  swircely  ever  seen  save  in  the  chemical  lalwratory, 
and  is  an  extrtnuely  dangerous  body  to  handle,  as  it  is  very  volatile 
and  its  fumes  when  inhaled  may  pnidnce  death  within  a  few  seconds. 
It  is  generally  met  with  in  a  very  dilute  solution,  which  is  formeil  by 
the  decomposition  of  one  of  its  salts. 

In  nature,  prussic  acid  occurs  in  the  secretion  of  some  of  the  myria- 
pofla,  and  in  the  decomposition  pnxlucts  of  a  few  glucosides,  of  which 
Ainygdaiin  is  the  best  known.  Amygdalin  is  in  itself  practically  in- 
active, bnt  may  be  decomposed  by  dilute  aeids  or  by  a  ferment,  emul- 
sin,  which  is  generally  found  associated  with  it  in  plants.  The  prod- 
ucts of  its  decomposition  are  pnissic  acid,  benz^Udehyde  and  glucose 
(see  p.  68). 

liotli  amygtlalin  and  emulsin  occur  in  the  bitter  almond  and  in  the 
kernels  of  a  number  of  fruits,  such  as  the  apple,  cherry,  prune,  plum 
and  apricot.  In  smaller  ijuantities  they  have  been  found  in  the  l>ark 
and  leaves  of  several  <if  these  trees  antl  in  the  laurel  (Prunns  lauro- 
cerasun;.  In  the  sweet  almond  emulsin  occurs,  but  no  amygdalin. 
When  bitter  almonds  are  rubbed  into  a  paste  with  water,  prussic  acid 
is  formed  bv  th»^  action  of  the  ferment  on  amygdalin,  and  very  large 
quantities  of  sueh  a  |mste  may  give  rise  to  unpleasant  symptoms, 
especially  in  children.     A  more  tlangeroas  substance  is  the  oil  of  bitter 

*  Apomorpbine  is  occasionally  luftilioned  as  »  hypnotir^  hut  the  prcliminnrr  vomit- 
ing would  lortftinly  prevent  ius  use  for  ihU  purpo**  iinlcsH  in  quite  exeeptiimni  cundi- 
tjons. 
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>ikL4,  which  ooosiste  of  bcnzaldchydc  and  prusdo  acid  id  a  loose 

'ciHnbination  tuid  in  very  varying  pruportions.     Several  liquenra  are 

liUtilletl   fmm   korueld  and  fruits  containing  aniygdalin,  utul  tiKTeforu 

|m«ic*»  a  variahle  [HTLvnta^  of  prussic  acid.     The  l»ost  known  of  these 

ane  Kii>ich\vaftsep  and  Manii^chino,      Laurt'I  watt r  and  the  prejMirations 

of   Virpiuian  cherry  bark  contain   benzaklehyde  and   prussic   acid, 

although  these  are  in  too  small  qnantity  to  have  any  poisonous  action. 

Prussic  acid  and  its  salts  have  practically  tlic  same  action,  although 

now  of  the  hitler  are  so  jKiisonons  as  the  free  acid.     Cyanogen,  (^'N)^, 

•ku  rvDCinbles  prussic  acid  in  its  cfiectfi,  but  is  not  so  active. 

Tbe  fcrrocyanitles  ami  other  double  cyanides  arc  in  most  cases  Imrmlcss 
but  other  t?ompouu(L4,  fruiu  which  prui^ic  acid  in  Ibrmed  in  the  organism, 
an-  \iobiOOOiis.  Thr  organic  combinatioDs  containing  the  —  CX  nidicle 
f'^nn  two  series,  the  Sitrilrti,  in  which  the  nitrogen  is  trivalcnt  (e,  g., 
I  H,  — 1'»  N),  and  the  honitriU^,  or  CarbyluMmes,  in  which  the  ulkyi  is  ut- 
Lujinttolhe  nitrogen  (e.  g.,  CH,  —  N3C).  The»e  compounds  urc  all  much 
Im poisunouA  than  pni^ioacid,  and  the  nitrileft  an',  tiaid  to  differ  from  it  in 
their  cfftrtf*,  inuHmuch  as  the  chief  symptoms  ciiimed  hy  them  ari.s4^  frt>m 
fMln-liilcttliniil  irritation.  The  isouitriles  are  mure  ]H)isonou3  than  tlie 
aHfOtt  And  resemble  the  acid  mure  closely  in  their  action.  Both  ultrilea 
aad  bonttrilos  give  rise  to  the  formation  of  pruasiu  acid  in  the  tissues. 

Sfaptoms  and  Action.  —  Prussic  acid  Brst  stimulates  and  then  pjira- 
iyn*  the  central  nervous  system  in  mammals,  but  it  acts  on  so  many 
ibnu*  of  living  matter  that  it  merits  the  designation  of  a  general  proto- 
them  poi.son.  The  fatal  dose  in  man  is  believed  to  be  about  0.05-0.08 
G.(1-1J  gr.)of  the  pure  acid,  certainly  a  much  hirger  quantity  than  is 
btaJ  io  cases  of  poisoning  with  some  of  the  alkaloids  and  glucosides. 
iVuweai'id  acts  much  more  rapidly  than  these,  however,  and  has  thus 
ffiacd  its  reputation  of  l>eiug  the  most  duugerous  of  pois^ins. 

Afipf  very  large  doses  in  mammals,  there  may  be  practically  no 
«Tinploius ;  the  animal  falls  to  the  ground  with  a  slight  couvulsive 
aovcfoent  or  a  scr«mi,and  death  follows  in  a  fewsccouds  from  siniul- 
tiBiDtis  arrest  of  the  heart  and  respiration. 

In  *nmller  quantities,  pruj^sie  acid   has  a  bitter,  acrid,  burning  taste, 

whid)  iti actx)mpaiiie<l  by  salivation,  antl  is  followed  by  numbness  in  the 

KMith  and  ihMut.     A  sensation  of  warmth  in  the  stomach  is  followed 

briuiMivfi  ond  vomiting,  confusion  and  lieadaehe,  dyspmra,  slow  pulse, 

ir  (   muscular   weakness.     The   pupils  arc  widely  dilated  aud 

lie  .      ^..-   protrude,  a.s  generally  occurs  in  asphyxia.     ITnconscious- 

00*  fftllowft,  and  then  violent  convulsiouj,  which  pass  into  paralysis 

wii^  '       '  iiitary  evacuation  of  the  contents  of  the  bladder  and  bowel, 

C^-  lion   iK-coraes  extremely  slow  and  eventually  ceases,   while 

Hit  hctirt  ci>ulinues  to  l>eat  for  8t)me  time  afterwards. 

Io  fnigs,  no  convulsions  occur,  the  symptoms  pointiug  to  a  paralysis 
of  ihr  o^ntral  nervous  system  without  preliminary  stimulation,  exoept 
Id  chat  the  re^pimtinn  is  somewhat  quick  and  dyspucfic. 

In  imimuiaLi,  the  Oentral  Nervous  System  is  first  stimulated  aud  then 
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paralyzed,  but  the  action  seems  to  be  developed  more  fully  in  tbe 
medulla  oblongata  and  lower  parts  of  the  bram  than  in  the  cerebral 
cortex,  for  the  convulsions  resemble  those  produced  by  stimulation  of 
the  hind-brain,  although  the  subsequent  paralysis  seems  to  include  all 
parts  of  the  central  axis. 

The  peripheral  Nerves  and  the  Moscles  are  weakened  and  eventually 
paralyzed  when  suspended  in  an  atmosphere  of  the  gas,  but  unless 


TrftdDK  of  the  moTements  of  the  dlapbragm  (rMpiratlon)  of  the  rabbit  under  «  Ui^  bat  not  Iktal 
dose  of  cyaDide  of  pota«h  injected  intraTenouBly.  A-B,  Domul  reflptnttioa.  At  £  1  mg.  li^lected ;  tbt 
respiratory  moTemeuts  are  much  lar^^r.    At  Crecovery.    Note  the  short  duntlonof  theaumaluoa. 

very  large  quantities  are  injected,  they  are  not  much  affected  in  tbe 
living  animal.  When  prussic  acid  in  solution  is  applied  locally  to  the 
Skin,  it  produces  a  numbness  and  partial  loss  of  sensation,  but  this 
docs  not  follow  in  general  poisoning.  The  anaesthetic  action  is  well 
seen  on  brushing  the  leg  of  a  frog  with  a  weak  solution,  for  no  reflex 
can  be  elicited  from  subsequent  irritation  of  the  limb,  although  it  is 
moved  on  irritation  of  other  parts  of  the  body,  which  shows  that  the 
motor  nerves  and  the  spinal  cord  are  still  intact. 

The  Respiration  is  rendered  quicker  and  deeper  by  the  injection  or 
inhalation  of  small  quantities  of  prussic  acid.  During  the  convulsions 
it  is,  of  course,  irregular,  and  afterwards  generally  becomes  extremely 
slow  and  deep  and  then  ceases.  After  very  large  quantities  it  may 
cease  within  a  few  seconds.  These  changes  are  produced  by  primary 
stimulation  and  subsequent  paralysis  of  the  medullary  centre. 

The  Oirculation  is  altered  mainly  through  the  action  on  the  central 
nervous  system,  although  prussic  acid  also  acts  directly  on  the  heart 
The  stimulation  of  the  inhibitory  centre  generally  slows  the  pulse, 
but  this  is  accompanied  by  a  very  considerable  rise  in  blood-pressuie 
from  increased  activity  of  the  vaso-constrictor  centres.     This  central 
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utthnuliitinn  later  passes  into  pamlynis  and  the  bUxxl-pressure  falls,  from 
the  depression  ul'  the  vaso-motor  centres,  but  the  heart  does  not  gen- 
erally regain  its  normal  rhythm,  In'Oiiuse  although  the  inhibitory  stinm- 
latinn  has  pa&sed  oft*,  the  cardiac  muscle  is  now  directly  affected,  and 
ite  movements  therefore  remain  somewhat  slow.  During  the  con- 
vulsions the  arterial  pressure  rises  again,  but  afterwards  the  progres- 
sive weakening  of  the  heart  leads  to  a  slow  and  imperfect  circulation. 
Ill  the  frog's  heart,  prnssic  acid  causes  slowing  and  standstill  long  l>e- 
fnrethe  [xripheral  nerves  and  muscles  are  affected. 

If  very  lai^  quantities  be  injected  intravenously,  or  inhaled,  the 
btart  may  cease  o«»ntractiDg  for  a  few  seconds,  and  then  recommence  a 
slow  and  fei'ble  l>eat.  which  is  very  soon  arrested  again.  This  is  prf)l>- 
ably  line  to  priraurj-  action  on  the  inhibitory  centre,  followed  by  direct 
paralysis  of  the  heart. 

IkiU'lli  has  shown  that  prussic  acid  injected  h)'poderD]ically  lessens 

the  movements  of  the  stomach.     The  temperature  remains  constant  or 

riiewhat  after  small  dosi's,  but  falls  rapidly  when  toxic  symptoms 

Katrition,  —  Besides  its  specific  action  on  the  central  nervous  system, 
pnjssic  acid  exercises  a  depressant  action  on  pn>lo|)lH8m  in  gf  neral,  and 
.•luy  therefore  b*»  called  a  general  protoplat-m  ]x>is(>n,  although  sonje 
of  the  bacteria  are  but  little  affectcti  by  it.  I{<tth  plants  and  animals 
af  retarded  in  their  movements  and  in  their  nutritive  processes  by  its 
P^w•nL■«•,  although  they  may  recover  and  show  no  subsequent  deteriora- 
m\  provided  the  j»ois<m  acts  only  during  a  short  time  and  in  suffi- 
<'ifiit  Jilulioo.  For  example,  the  development  of  seeds  is  liindt-red 
liT  the  presence  of  pnissic  acid,  but  j>roceeds  when  it  is  withdrawn  ; 
5t  cells  cease  their  activity,  and  the  insectivorous  plant  Dnwera 
longer  moves  its  tentacles  in  the  presence  of  cyanides  or  prussic  acid 
(DafH'in),  This  actii»n  in  planb*  is  pnibably  due  to  the  |H»iHon  arrcHt- 
m?  I  lie  activity  of  the  fernjcnL-*,  for  it  has  pntvetl  to  have  a  deleterious 
■^iiHii  on  many  of  the  known  ferment.'*. 

The  cffociB  of  prnssic  acid  on  the  mammalian  tissues  have  been  ex- 
amiiiwl  byOjpjKjrt  in  a  long  and  careful  research.     He  found  that  the 
oxypen  ab-^orU'd  by  (lie  tissues  was  much  lessened  by  prussic  acid, 
wliereas  i'.  wiis  to  be  expected  that  a  convulsive  poison,  such  as  that 
«nder  rlis^ii^^ion,  would  cause  an  increa.*)ed   waste  in  the  tissues  and  a 
mrrPsp'Tnding  rise  in  the  oxygen  used  ;  yet  during  the  most  powerful 
noavulsioiiii  after  prussic  acid,  the  absorption  of  oxygen  is  often  dis- 
tinctly lower  than  in  the  normal  resting  animal.     After  some  lime  the 
coosumplion  of  oxygen  again  increases,  although  it  does  not  regain  the 
normal  :^tandard   unless  complete  recovery  occurs  ;  the  carlwinic  ncid 
actually  fctrmetl  by  the  tissues   falls,  owing  to  the  lessened  oxidation, 
aiiiJ  Gep|K!rt  pn^xiecded  to  prove  that  the  imperfect  oxidation  is  dtw  to 
the  fact  tliut  tiu^  tissues  are  unable  to  ai)fj(H*h  the  oxygeti  brought  to 
II   by  the  blornl  cells;  that,  in  fact,  a  <hauge  iXKJurs  in  the  proto- 
1,  which   petards  the  normal  respiration  of  the  cell.     In  conse- 
II 
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fjuoncc  of  this,  the  oxyhffiraoglobin  of  the  blood  is  not  reduced  in  ^'"' 
capillaries,  so  that  the  venous  blood  has  the  same  bright-red  color   ^ 
the  arterial.     Prussic  acid  seems  to  be  rapidly  changed  to  other  pro^' 
uots  in  the  tissues,  however,  provided  a  lethal  dose  has  not  been  give*^' 
aiul  as  this   process    goes  on   the   protoplasm   recovers    its  oxygea^ 
aI>sorbing  power,  the  expired  air  becomes  less  rich  in  oxygen  an(^ 
richer   in  carbonic  acid,  and  the  venous  blood  assumes  its  ordinary^ 
dark   color.       Lactic    acid   and   sugar   are   found    in   the   blood   in 
unusually  large  quantities  during  the  action   of  prussic  acid;   these 
arc  invariably  present  when  the  oxidation  of  the  tissues  is  impericct 
from  any  cause. 

The  changes  in  the  central  nervous  system  are  produced  by  smaller 
quantities  and  somewhat  more  rapidly  than  those  in  the  metabolism, 
and  they  also  last  longer.  The  dilatation  of  the  blood  vessels  from 
the  depression  of  the  vaso-constrictor  centre  may  probably  cooperate 
with  the  lessened  absorption  of  oxygen  to  produce  the  bright  red  color 
of  the  venous  blood,  for  it  stands  to  reason  that  a  more  rapid  circula- 
tion through  the  capillaries  must  lessen  the  amount  of  oxygen  g^ven  up 
by  the  blood. 

The  diminution  in  the  oxygen  absorption  by  the  tissues  is  of  interest 
in  relation  to  the  retardation  of  the  ferment  action  in  plants,  for  Jacquet 
has  shown  that  the  tissues  oxidize  mainly  by  a  ferment  action,  and 
there  thus  seems  to  be  an  entire  correspondence  between  the  changes 
produced  in  the  metabolism  of  plants  and  animals  by  prus^e 
acid. 

Prussic  acid  is  changed  to  sulphocyanides  in  the  tissues,  and  is 
partly  excreted  in  the  urine  in  this  form,  while  part  of  it  undergoes 
further  and  unknown  changes.  This  combination  of  prussic  acid  and 
Kul|)liur  bodies,  such  as  the  proteids,  seems  to  arise  by  simple  chemical 
processes,  without  the  intervention  of  living  protoplasm  being  neces- 
sary. 

In  the  living  body  prussic  acid  does  not  form  any  combination  with 
the  hieuioglobin  of  the  red  blood  cells,  but  in  the  drawn  blood  it 
appears  to  form  cyanhaeraoglobin,  a  loose  combination  which  differs 
slightly  from  hiemoglobin  in  its  spectrum  and  is  reduced  with  greater 
<liffi('nlty,  so  that  the  bhxxl  retains  its  red  color  longer.  If  normal 
i)l(H)(l  be  bronglit  in  contact  with  a  solution  of  peroxide  of  hydrogen, 
it  eiforvesccs  owing  to  the  libenition  of  oxygen,  but  the  oxyha!m<^lobin 
remains  unchanged ;  if,  however,  prussic  acid  be  present  no  effer- 
vcscdiico  occurs,  but  the  haemoglobin  is  at  once  changed  to  methsemo- 
globin.  In  cases  of  poisoning  with  cyanides,  the  dependent  parts  of 
the  b(Kly  often  present  a  bright  red  color  instead  of  the  usual  post- 
mortem lividity,  and  this  scorns  due  to  the  cyanhiemoglobin  Fetaining 
its  red  color,  while  ordinary  oxyhfemoglobiu  is  reduced. 
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Acidum  Hydrocyanicnxn  DUatam(lT.  8.  P.,  B.  P.),  b  two  per  font.  b<>1u- 

;ion  furmcfl  from  polas^ium  frrixK'yunide  or  silver  cyanidi'.     It  is  n  colorless 

luiti  with  a  churacltfriuiic  smell  and  taste,  and  ought  nut  to  lie  kept  long, 

ll  i^  liuhle  to  de<^ni|Hisition  ;  mueh  of  that  actually  ut^ed  in  medicine  is 
ially  deeompcmed  und  therefore  under  two  per  cent,  in  strength.  Dose, 
KM>.5c.r.  {2-S  uilns.). 

Ar^nti  CytmuUirn  (U.  S.  P.),  is  used  in  medicine  only  for  the  formation  of 

ae  lUhile  hydrocyanic  acid. 

A  number  of  other  preparaiions  contain  pnissic  acid,  generally  in  very 

rlnhlr  quantity.  Thus  in  the  U.  S.  P.  the  preparations  of  bilt*.Tnlnumds, 
*swi»l  the  expressed  oil.  contuiu  it,  and  the  volatile  oil  is,  in  fuel,  dangerous 
owing  to  the  large  proportion  of  pnissic  acid  sometimes  present.  Another 
s-rrics  of  prefMirations  containing  it,  though  only  in  minute  (pmntities,  is 
tUt  of  the  bark  of  the  wild  cherrj*,  Pniuus  Virginiana.  In  the  British 
Ph»rma<*<ipa'ia  the  bittor  almond,  Virginian  cherry  and   the  cherry-laurel 

it«r  (HiDtain  it,  but  only  in  harmless  quantities.  It  is  also  present  in  the 
liBcUire  of  cblorofurm  and  mor]>hine,  B.  P. 

Therapeutic  Uses. — Tho  uses  of  prussic  noid  Jit  the  present  day  are 
very  few.  Externally  it  is  applied  to  itching  Hiirfaces  to  cause  numb- 
ing and  insensibiiity  of  the  sensory  nerve  terminations,  but  care  must 
t&ken  that  tho  surface  is  unbroken,  or  uupleasunt  and  even  danger- 
ptonis  may  be  induced.  It  is  also  usuI  internally  in  vomiting, 
in  that  occurring  in  pregnancy,  and  seems  to  be  beneficial 
ly.  It  was  formerly  used  extensively  as  a  sedative  in  cough, 
WM  generally  prestTil)ed  along  with  opium  or  other  narcotics,  and 
1(  Stems  unlikely  that  the  hydrocyanic  acid  had  any  elfect. 

In  Poisoning  witli  prussic  aci<l  f)r  the  cyanides,  tlie  treatment  is  that 
ofpouwning  in  genml  —  thorough  evacuation  of  the  stomach,  warmth 
4ml  general  measures  against  colla]>se.  A  number  of  so-called  anti- 
dotes have  been  pro}><iaed,  sucli  as  atrr>pine,  wliieh  there  is  no  roa«>n 
to  sappo&c  would  be  of  benctit,  for  it  has  been  found  useless  in  animal 
riments.  The  intravenous  injection  of  stKliimi  sulphide  and  hypo- 
te  has  l>ecn  advised  on  the  theory  that  the  comparatively  harm- 
5uIplK»cyanide  would  be  formed,  and  animals  seem  to  be  able 
survive  an  otherwise  lethal  dose  when  this  is  done.  Peroxide  of 
I  has  also  been  suggested,  in  order  to  form  innocuous  oxidation 
-  with  the  prussic  acid.  Artificial  respiration  shoulil  he 
rteti  to  when  nec^'s.sary,  as  the  cyanide  is  com|iarativcly  tjuickly 
ndcTP<l  inactive,  and  the  recovery  i.H  rajiid  when  it  once  sets  in.  But 
mauy  onses  life  is  extinct  befoix'  niedicul  aid  can  be  willed. 
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VIII.     CAFFEINE. 


In  a  mini  .er  of  plant.s  iisetl  iu  ditlereut   |Kirti*  of  the  world  in  fiirm 
leverages  and  comjiments,  there  are  found  iIk*  xanthine  c«>nii»nmiJ!s 
fkiffntWy    Throhroinine.  an<l    Theojthifffine  {Thi-oohic)^   which   have  hen 
emplnycsl  in  thera|X'Utic3  of  late  years,  and  have,  therefore,  aeritiirttf 
a  double  im|»ortance   as   druj^s    and   as  articles  of  tliet.      The  witl^ 
sprt^ad  nse  of  preparations  of  these  by  uncivilized  peoples  is  a  curintw 
and  uneK|»hiined   fact,  esi>ecially  as  they  jiossess  neither  pecuh'ar  tju»lc 
nor  (.nlor  to  ^uide  in  the  selection  of  the  plants  in  which  thev  fXtst 
Besides,  caffeine  and  its  alHes  iu  moderate  quantities  induce  no  marl 
symptoms,  such  as  follow  the  use  of  alcohol,  opium  or  hashish 
explain  their  use  among  widely  separated  jK-oples.     On  the  ci-n 
the  only  ctTt'ets  to  lie  observed  are  a  brightening  of  the  inteli 
faculties  and  an  increastsl   cajxieity  for  mental   and   physical  wort 
Coffee,  the  use  of  which  is  derived  from  the  Arabians,  is  the  hi'rryof 
Cott'ea  Arahica  and  contains  caffeine  ;  tea,  the  leaves  of  Thea  Chinowis, 
contains  caffeine  along  with  tiieophylliue.*     Cacao,  <»ocoa  or  chi    ' 
is  derived  ftY»m  the  seeds  of  Theobroma  cacao,  a  tree  indigeu'  ■  i 
Bnizil  and  Central  Amf'nc4i,  and   contains  theobromine.     In  ocnirjl 
Africa,  the  Cola  or  Kola  nut  (Sterculia  acuminata)  is  used  by  the  na- 
tives, and  contains    caffeine    with    small    (juantitie^s   of   thcobnmiii**'* 
In  Brazil,  Gnaranu  paste   is  formed  from  the  seeds  of  Paulliniii  ■*'^ 
bili.-:,  and  conlnins  eatfeine  and  theahromine,  while  in   the  Arp-oti"'' 
Repiitjlic,  Yerlm   Mate  (»r  Paraguay  tea  (Ilex  Pani^iayensis)  is  \wv 
tr>   form   a   beverage   which  contains  a  very  small    quanlitv  of  c«f' 
feine.     Another  hiH*cie.s  of  Ilex   is  met  with  in  Virginia  and  Vittr 
litia  under  the  name  of  Apalaohc  tea  or  Youpon,  and  also  contains 
caffeine. 

These  three  principles,  caffeine,  theobromine  and  th«>phylline,  »tc 
purine  dfrivativeH  closely  related  to  the  xanthine  Ixxlies  found  in  the 
uriiU'  auil  lisHues  of  the  animals.  The  meml>ers  most  cdoselv  approach- 
ing tlie  vegetable  forms  are  xanthine,  paraxanthhie  and  heteroxanthine; 
the  last  is  a  monomethylxanlhine,  while  paraxanthine  is  a  dimethvl* 
xanthine  isomeric  with  theobromine  and  theophylline,  and  caffeine  k 


^  Tea  voB  fornierl^r  supposed  tn  eimtain  theine,  but  this  hna  proved  to  bo  ideutla) 
with  caffeine. 

'  Knlnnine,  nr  colanine,  which  wna  at  one  time  mppoRed  to  be  a  new  body,  nm 
be  a  cuntpoiind  of  tannic  acid  with  tliese  xanthine  derivalirca. 
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tbylxanthiDe.    The  structural  formulse  may  serve  to  indicate  more 
Hy  tlie  close  relationship  of  these  bodies. 
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Action. — These  all  resemble  each  other  in  most  points  of  their 
armacological  atition,  although  caffeine  nets  on  the  central  nervous 
tern  us  well  iis  on  the  kidneys,  musrle  and  heart,  while  tlieobromine 
8a»mparalivi*Iy  little  effect  except  on  the  lust  three. 
0«BtraI  Kervous  System.  —  In  mammals  the  injection  of  large  quan- 
Viw  tit'  caffeine  is  iullo\ve<l  l)y  symptoms  closely  resemblinp  thos*'  in- 
iiwd  by  strychnine.  The  reflex  irritability  is  remarkably  inrreaM'tl, 
*  lightest  touch  being  followed  by  powerful  eontraclion  of  almoet  all 
muftcles  of  the  body.  After  a  time  these  contractions  otrcur  witli- 
Wy  apparent  stimulus,  and  culminate  in  tonic  convulsions  which 
r  several  ^icconds.  During  thcj^e  the  rrj^piration  ceases  from  the 
fepirntory  muscles  bi'ing  involved  in  the  spasm  and  occflsionally  it 
fills  to  he  reinstated  M'hen  the  convulsions  pass  off.  In  other  instances 
thenpasms  l)eeome  weaker  and  occur  at  longer  intervals;  tlie  respira- 
tion diminishes  in  frequency  and  depth  and  eventnnlly  ceases. 

lu  man,  i?.maller  quantities  of  caffeine  stimulate  the  t-cntral  nervous 
*yKteni»  in  particular  that  part  associated  with  the  psychical  functions. 
Tbc  ideas  become  clearer,  thought  flows  more  easily  and  rapidly,  and 
Wgue  and  drowsiness  disappear.  Not  infrequently,  however,  con- 
•Wed  thought  is  rendered  more  difficult,  for  impressions  follow  each 
cihtT  yo  rapidly  that  the  attention  is  distracted,  and  it  re<|uin'S  more 
"III  more  effort  to  limit  it  to  a  single  object.  If  the  quantity  ingested 
feflnall,  however,  the  results  are  of  distinct  benefit  in  intellectual  work. 
The  ca|)ocit)'  for  physical  exertion  is  also  augmented,  as  has  been  dem- 
f'ttstratrd  repeatedly  by  soldiers  on  the  march,  and  morf?  re(«ntly  by 
more  exact  experimcuts  with  the  ergograph.  The  stimulation  of  the 
Ibigfaer  nervous  centres  is  oft4*n  evidenced  by  the  insomnia  and  restless- 
lirtB  which  in  many  people  follow  indulgence  in  colTee  or  tea  late  at 
(ght.  KnU'jKjIin  has  investigated  the  effects  of  caffeine  from  the  psy- 
cal  point  of  view,  and  finds  tlmt  haih  tea  and  coffee  fjieilltnte 
■ptiun  of  senwiry  impressions  and  also  the  asri<xjiatioji  of  ideas, 
ly  in  fntlgue,  while  the  transformation  of  intellectual  coneep- 
into  actual  movements  is  retardeil.  This  he  rcgsirds  as  due  to 
alotion  of  the  highest  or  controlling  functions  of  the  brain,  caffeine 
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into  a  condition  of  rigor  exactly  retiembling  ibat  seen  in  the  ^kelfiii 
muscles. 

Wljen  moderate  quantities  of  caffeine  are  injected  intraveuou^y  in 
mammals,  the  heart  is  accelerated,  without  any  inurkcd  change  in  tbe 
extent  of  systole  or  diastole.     The  increased  rate  i-^  independent  utanj 
action  on  the  regulatory  mechanism  of  the  heart,  for  it  is  seen  in  \n%T\^ 
in  which  the  accelerana  has  been  cut  and  the  inhibitory  apparati** 
paralyzed   by  atropine.     It   is  probably   due  to  direct  aetioii  nn  tb^ 
heart  muscle  for,  as  has  been  stated,  an  analogous  increase  in  irril*-^ 

Pio.  22. 


TndnK  of  th9  Toutrlcle  of  the  dog's  heart :  A,  normkl ;  B,  after  caffeine.  The  lerer  uotw  apwti^ 
ilnilnKiiTMole,  dovowards  diiring  dlutole.  Tne  nnlv  Mllvrallun  cauwd  by  ralTefue  )x  arrelrnlina. 
Tbean^Uy  larter  exvunlou  io  diastole  in  B  U  luechaaliai^l.     (iVtilrast  intdng^uuder  diKitaJtK) 

bility  occurs  in  voluntary  muscle.     The  increased  irritability  of  the 
cardial  tilircH  also  accouuts  fur  the  fact  that  stimulation  of  the  vagus 
is  followed  by  less  slowing  of  the  heart  after  catFeine  than  liofore  its 
admlnistniiion.     In  man  the  heart  rhythm  is  often  found  slower  afW 
Giffeine,  and  this  appears  to  be  due  to  stimulation  of  the  inhibitory 
ccHtrc  in  the  mcdiilhi  oblon<^ata,  the  incn;ased  inhibititui  proving  more 
than  sufficient  to  couiitcrbalam**;  the  accelenUion  which  wi>uld  ari-sc  from 
tlie  direct  action  of  the  catfeiuc  on  the  heart  muscle.     After  large 
quantities  of  cafffine  the  heart  Iwcomes  weak  and  irr^ular  and  after 
death  it  is  fouud  itx  diastt>h\     The  increased  rate  of  the  heart   beat  is 
not  always  accompanied  by  an  increase  in  the  amount  of  blootl  exptdlod 
in  a  unit  of  time  (liock}^  although  this  is  often  the  case.     Apparentlv 
the  contractions  of  tlic  ventricle  follow  each  other  so  rapidly  tiiat  the 
time  is  often  insufficient  for  the  inflow  of  the  usual  amount  of  blood. 
The   increase   in    the  blood-pressurt!  under  caffeine  is  therefore  to  be 
ascribed  for  the  most  part  to  the  action  on  the  vaso-motor  centre,  nl- 
thoUi:;h  not  infrequently  thlH  is  supph^iticnted  by  an  increased  efficiency 
of  the  heart.     Theobromine  and  xanthine  {>ossessing  but  little  action  in 
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A  moAcnlftr  llbrt  of  the  frng  fhlRhlT  mafmltled).  A, 
nonunl  ;  K.afUT  the  nnplli-attoii  nrr8lVfili(!SolulliiD.  Tbo 
cuwsn  Atriic  lu  H  »tc  itic  f<fIiU  uf  Itiv  niiicolcmuuL. 


lofilt  Stiff  and  tiiflrxihle  ;  the  transverse  ^trite  disappear,  wliilc  the  lon- 

giludiiia!   iMvunu'  more  easily   vi^iihle  (Fig.  21).     This  a|)i)earjHce  is 

due  t'i   the   death   aii<l    rigor 

inorli*  i»f  the  tibres.      Furth  Fia  21. 

^<«  that   the    niyogcn    of 

nmtcle  is  formed   into  niyo- 

P'ofihrin   and  (-imguhitt^^I   by 

tin?  aildition  ni'  «>afll'ine  in  its 

jfllutiuiH  outside  the  ImmIv,  ho 

that  the    ri|^>r    indiuxxl    by 

ttfirirH'  seems  due  to  a  com- 

(nrativcly     i<imj)le     reaction 

Ijptween  the   poisjin   and  the 

I'mteithi  of  the  nllu^'l»'  Hbre. 

Ill  small  r|uantitics  t-atVeine 

itMTitisrs   the   irrital)ility  of 

e  lu*  well  ns  its  aljsohite 

(jth  and  extensibility,  that  is,  the  muscle  contniots  on  a  weaker 
stimulu.*  and  a^inst  a  js^rcater  load  than  it  d4»es  iioi-mally.  The 
Miouiit  of  work  done  befon'  fatigue  sets  in  ir*  als4)  inc-reasetl,  uulesH 
*Rrn  Iflrjje  quantities  are  applied,  when  tlie  capaeity  for  work  is  less- 
♦■1"];  iind  with  the  first  :ii>p«\inunv  of  rigor  it  ceases  to  niict  to 
<m]i\'\  altogi'ther.  tx)bierauski  has  recently  shown  that  iu  ordinary 
dfss  mffeine  increases  the  work  done  by  the  human  muscles  when 
liii*y  are  sliniidatod  by  electric  shocks.  The  universally  recognized 
pffirt  of  tea  and  wiffee  in  increasing  the  capability. for  physical  work 
iw»<l  ill  R'licving  fatigue  has  geucndly  been  regartlcd  as  litic  to  changes 
tnilif  norve  cell-:,  but  aecvtrding  to  Kraepelin  and  others  is  really  of 
jvriplwml  origin  and  explained  by  the  direct  action  on  the  muscle. 
"liile  the  action  of  theobromine  on  the  central  ner\*»us  system  is 
iwoJi  \eA<i  marked  thau  that  of  cafleine,  muscle  enters  into  rigor  after 
^Hcfiirmer  more  readily  and  xanthine  exceeds  even  theobromine  iu  its 
pi'Wur  to  produce  thi?  change. 

Tile  action  of  eaffeine  on  the  Oirculatioii  is  exerted  in  two  directions, 
"Wibevaso-rootor  centre  in  the  medulia  and  fin  the  heart  itself.  Along 
'^'th  llie  rest  of  the  central  nervous  system,  tlitt  vaso-motor  area  un- 
*^K's  stimulation  and  the  smatlcr  arUrtcs  are  therefore  contracted, 
wiaiug  a  niarki»*l  rise  in  the  arterial  pressure. 

lo  the  frog's  heart  caffeine  in  very  small  ipiantities  la  found  to  in- 
Mease  the  absolute  strength,  that  is,  the  lieart  contracts  against  a 
Ptstcr  aortic  ppet«sure  than  it  would  normally,  and  at  the  samt*  time 
"<! amount  of  bloixl  ex|v*lled  by  each  beat  is  sltglitly  increased.  The 
'"Vtlim  i-^i  generally  somewhat  accelerated  by  small  dosus,  but  this  ef- 
fwt  is  often  of  ver>*  short  duration.  On  the  absorption  of  larger 
•Jiitrtities,  the  heart  first  bectmies  slower  and  its  volume  smaller, 
^"''n  the  apex  ceases  to  relax  with  the  rest  of  the  vtntrirle  and 
^touQs  white  and  contracteil,  and  eventually  the  wliole  heart  passed 


^8 


OnOASW  nRXTGS  ACTT^O  ATTEB  ASSOHPTTOy. 


into  a  condition  of  rigor  exactly  regembling  that  seen  in  the  skeU'titl 
mnscles. 

When  moderate  quanttticH  of  cnlFeine  are  injected  intravenously  r** 
mammals,  the  heart  is  accelerated,  without  any  niurkod  chanjre  in  tli^ 
extent  of  Bystolc  or  diastole.     The  increased  rate  is  independent  of  iiii^^ 
action  on  the  regulatory  mechanism  of  the  heart,  for  it  ia  seen  in  i»('ani&^ 
in  which  the  accelerans  has  been  cut  and   tl»o  inhibitory  apparutugi 
paralyzed   by  atropine.     It   is  probably  due  to  direct  action  on  the- 
heart  muscle  for,  as  has  been  stated,  an  analogous  increase  in  irnta- 

Fio.  22. 


Tnciog  of  lh«  TCDtriclo  of  the  dojc's  heart:  A,  normal ;  B,  after  i-a(n;lnv.  Tbe  lever  morca  ajivanU 
durliiKsxBlulc,  doiruwanl*  diirlnr  <lliutolc.  The  onl]r  alteration  caused  brcaflVIno  U  scmrlenitum. 
TbeiHi|htly  lanpn- ezcumioti  in  dtiu>tok-  In  H  1*  tuwbaDlcal.     (('uulraBl  lnk:lt)g»  uuder  dl^ialu.) 

bility  occurs  in  voluntary  muscle.  The  increased  irritability  of  the 
cardiac  fibres  also  accounts  for  the  fact  that  stimulation  of  the  vagus 
is  followed  by  less  slowing  of  the  heart  at\er  caffeine  than  before  it* 
administration.  In  man  the  heart  rhythm  is  often  found  slower  aAer 
ciffcine,  and  tliis  appear:^  to  be  due  to  sttmulutiuu  of  the  inhil»it<iry 
centre  in  the  medulla  oblongata,  the  increased  inhibition  proving  more 
than  sufficient  to  cDunterbalani'c  the  acceleration  whicli  would  ari.sc  from 
the  direct  action  of  the  caffeine  on  the  heart  muscle.  After  large 
quantities  of  caffeine  the  heart  liecoraes  weak  and  irregular  and  after 
death  it  is  found  in  dianlole.  The  increased  nite  of  the  heart  beat  is 
not  always  accompanied  by  an  increase  in  the  amount  of  blood  exi^wlled 
in  a  unit  of  time  (Bock),  although  this  is  oftf  u  the  case.  Apparently 
the  contractions  of  t!ie  ventricle  follow  each  other  so  rapidly  that  the 
time  is  often  insufficient  for  the  inflow  of  the  nsiml  amount  of  blood. 
The  increase  in  the  blood-pressure  under  caffeine  in  therefore  to  be 
ascribed  for  the  most  part  to  the  action  on  the  vaso-motor  centre,  nl- 
lliimgh  not  infrequently  this  is  siipph'menteil  by  an  increased  efficiency 
of  the  heart.     Theobromine  and  xanthine  [Ktssesning  but  little  action  in 
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thymine,  although  thoophylliiif  prt'dorainatea,  while  in  the  nihhit  and  hi 
nuio  jnira;c«n thine  i«  fonned  in  larger  ninoiint>>  The  monomethylxnnthities 
an-  ui^ocxcKtoilin  ditferent  iiroportions  In  ditrercnt  animals,  hutoruxuuthine 
prevailin}!:  in  man  and  the  rubbit. 

PnEPARATIONS. 

Kkfrrms.  (U.  9.  P.,  B.  P.).  lonir,  white,  silky  crystals,  without  odor,  but 
\v\^  a  bitt«r  Ui^ie,  but  little  ^olnble  in  cold  water,  more  bo  in  alcohol, 

I  more  so  iu  Iwiling  water.     0.05-0.3  G.  (1-5  ki*s.). 

CiFFEiNA  CiTRATA  (U.  S.  P.),  Cakfeix.'E  CiTKAs  (B.  P.),  o  white  powdcr, 
Musting  o(  a  weak  chemical  combinution  of  eilric  ucid  and  caffeine.  It  in 
dwocDpoAed  by  mixture  with  more  than  3  parta  or  water.  0.1-0.5  O. 
(M  (?«.). 

Capveina  Citrata  Effervesc'fns  (TT.  p.  p.),  Cafkkin.i-:  Citras  Effer- 
YbOEM*  (B.  P.))  ft  mixture  of  citrated  calTeine  with  t^odium  bicarbonate,  tar- 
tirif  arid  and  fiUg!»r,  On  throwing  the  p<»wder  iu  water  it  efler\"e.sc*a, 
OWlDK  t^i  the  acids  acting  on  the  bicarbonate  and  liberating  carbonic  ucid. 
Ui?  iinparatiou  is  an  extremely  wfok  one,  containing  only  1  per  cent,  of 
ttffciur  in  the  U.  H.  P.  and  about  1  |>er  cent,  in  the  B.  P. 

('sSt-ine  is  \*cst  preseHlKHl  either  in  powder  or  in  tjiblet'^  formpd  from 
•Wiw  of  the  firwt  two  preparations.  It  nniy  aUo  be  given  in  water  with 
•licylatc  of  soda,  which  aids  its  Holution. 

T&KoitRoMi.N'A  (unothcial)  is  a  crystalHuc  powder  even  less  soluble  than 
Oftiitc,  and  is  alworU'd  with  difticulty  when  given  alone.  It  is  generally 
prnnflkcd  in  doses  of  0.5  G.  (S  grs.)  thrcf;  times  a  day,  but  larger  quantities 
ttjrbe  givpn.  Solutions  of  Bulicyluto  of  soda  dissolve  it  uuc^  more  readily 
twi  pure  Y\*ater. 

DlCREnXE  and  Affvnur  are  double  salts  of  » id ium -theobromine  with  the 
■Itqliittf  and  aretute  of  Hodiuat  respectively  and  are  much  more  wiluble  than 
(fcwbmmine.  The  doae  is  0.5-1  G.  three  times  a  day,  either  in  powder  form  or 
^  ••Jutltm. 

T^'fvnnf,  an  artificial  theophylline,  is  a  white  crvBtallinc  jMiwdcr,  slightly  sol- 
"M^  ii,  iriiter.      Do^e,  0. 2-0.3  G.  (3-.'i  grs.)  in  powder  or  tablets. 

j'»  it'.  S,  P.),  a  brown   pji>»te  derivinl    from   the  newin  of  Paullinia  sor- 
i  lontaininK  caffeine  and  theobromine  along  with  some  tannic  acid. 

y    I'jtrofium  Gnnrontr  {V.  H.  I\),  3-8  c.c. 

^iimcroas  preparations  of  Kola  nut  are  now  put  on  the  market,  but  the 
V^  principles  are  preferable. 

ftempeutic    Uses. — The  action  of  caffeine  on  the  central  nervous 

W3tem  has  led  to  its  employment  in  a  number  of  different  conditions. 

J^  in  nervous  exhaustion  it  may  be  used  to  stimulate  the  brain,  and 

ittcoUiqiae  its  action  on  the  vaso-motor  aud  respiratt»ry  o^utrcH  h:ia  l>eeu 

footidof  value  —  the  blood-pressure  rises,  the  whole  tone  of  the  circu- 

IttioQlsitnproveil  and  the  respiration  bt*oimps  quiekt^r  and  less  shallow. 

Id  WPOOtic  j>oisoning  with  failing  respiration,  caffeine  may  be  used  to 

MKilatc  the  centre  in   place  of  strychnine  or  atropine ;   in  opium 

ptJwonin^  more   particularly,  strong  c*tfft*  has  long  IxiiMi  uscni,  but 

caffine  might  be  substituted  with  advantage.     Its  stimulant  action  on 

tbebmin,  and  moi^  especially  on  the  respiration,  renders  it  an  antidote 

ta  dangerous  ca-sesof  alcoholic  pois^mtng  also.     Some  forms  etf  mi^miue 

and  headar^he  are  relieved  by  caffeine,  hut  iu  others  it  seems  rather  to 

inf/'fisifv  tlie  |)ain  ;  this  action  has  !>e<Mi  attributi^l  itv  it.^  diluliiig  the 

rvTpbnil  v(s?ie[s.     Kola  ]>reparations  are  often  advised  as  general  tonics 

10  wokness  and  oeurastbenia. 
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CafTelne  has  been  used  largely  for  its  action  on  the  heart  and  wofte 
said  to  be  a  substitute  for  digitalis^  though  as  a  matter  of  fact/it 
not  replace  the  latter,  the  action  of  the  two  on  the  heart  being  cntii 
dtHnimilar.     In  eases  of  heart  weakness  without  marke<l  dilatatiou a( 
iucoinpctenoy  of  the  valves,  it  inay  Ije  of  service  as  it  increasM 
activity  of  the  ventricle,  but  its  reputation  in  cases  of  cardiac  " 
is  due  mainly  to  the  removal  of  dropsy  through  its  diuretic 
The  contraction  of  the  arterioles  following  the  use  of  caffeine  mayi 
be  of  service  in  feeble  action  of  the  heart. 

In  their  action  on  the  kidney  the  members  of  the  caffeine 
stand  preeminent,  no  other  drug  produciug  such  a  copious  flow  of  uf 
as  either  caffeine  or  theobromine.  As  has  been  explained  already,' 
latter  is  to  be  preferred  to  caffeine  as  a  diuretic,  and  may  be 
all  cases  iu  which  there  is  a  pathological  accumulation  of  fluid  \d^ 
body,  whether  of  cardiac,  hepatic  or  renal  origin.  The  result*  »re 
most  brilliant,  however,  in  cases  of  cardiac  dropsy,  and  here  it  may 
be  prescribed  along  with  one  of  the  digitalis  series.  It  must !«  em- 
phasized, however,  that  in  these  cases  it  cannot  supplant  digitalis,  l>iik 
mi'rely  aids  in  the  removal  of  the  fluid  which  is  obstructing  the  circu- 
lation by  its  pressure,  while  digitalis  relieves  the  dilatation  of  the  heart. 
In  cases  of  hepatic  dropsy,  caffeine  and  theobromine  have  also  pivv^ 
of  service,  although  here  the  treatment  can  only  be  considered  pnllifttive. 
In  renal  dropsy  theobromine  has  been  used  with  somewhat  variabla 
results;  it  does  not  seem  to  increase  the  albumin  in  the  urine,  IhiI 
not  infrequently  little  or  no  diuresis  follows  its  administratiou.  Tbi^ 
is  only  to  l>e  expected  where  the  renal  qells  are  in  such  a  condition  a* 
to  be  incapable  of  stimulation.  Where  the  disease  is  less  developed 
the  members  of  this  series  produce  the  usual  increase  in  the  s^ 
crotion. 

Inflammatory  effusions  do  not  seem  to  bo  lessened  to  any  maric*^ 
extent  by  either  caffeine  or  theobromine. 

Theobromiuo  in  very  large  doses  has  been  fouud  to  produce  naus^ 
luu!  l<^Hs  of  ap[Hiiite  when  token  for  long,  but  in  oi*diuar>'  i|uautitits  ' 
ppKlficcri  U'l  siymj>toms  save  diuresis.  Thox-iue  has  muloubtcdly  grenW? 
diuretic  power  than  either  caffeine  or  theolni»mine,  and  luis  been  LirgeV 
advertist'd  for  the  treatmctit  of  dn>psy.  In  a  large  proportion  of  cais^ 
it  causes  marked  disturljancc  of  the  digestive  organs,  however,  anil»' 
sevenil  instances  epilcptiiorm  ctmvulsions  have  followed  its  use. 

A  large  iiutul»er  of  other  xantbinedenYali%-eit  have  been  loriiieil  and  oxaauM* 
experimentally,  but  none  of  tbeni  p(:i!«€i«es  any  thenippulic  imiiortanop  (Acb( 
Hchmiefielwrg).  ^_ 

Coffee  and  Tea.  ^ 

Coffee  is  not  used  ru  mwlicint!,  but  in  view  of  its  immenrio  dictclK 
imivirtiiuce  it  may  he  mfutioiied  here  in  what  Respects  it  differs  fron 
tbc  pinv  cafleinc.  Tht-  coflV'c  bean  contains  about  j  per  cent,  caffcini 
and  tlie  roasting  dot's  not  stvni  to  reduce  the  jKjrcentugi?  at  all,  as  wn 
Ibrini'i-iy  sup[M)s(Hl,  ami  .«inct!  almost  all  the  caffeine  is  extractwi  by  ll 
ordinary  culinary  preparation,  a  cup  of  coflee  contains  from  0.1-0.2  C 
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1-^  gR.)  of  caifeine.  Along  with  tlie  caffeine  thero  are  extracted  a 
**nniberof  ntlier  substances,  tlie  most  irii]H)rlaut  t»f  whioli  are  volatile 
**ulxtincw,  !»uoh  a*  furfuralcohol,  prorJucetl  hy  the  ifxLstiiig,  winch  have 
hpffl  called  Coffe*jii  and  nsemble  in  their  action  the  volatilo  oils. 

Teamntains  a  larger  j>ercentage  of  caffeine  (about  li-2  per  cent.), 
bat  Oft  loss  tea  is  tised  than  coffee,  each  cup  may  l>e  considered  to  con- 
tnin  0.1-0.2  G,  (li— 3  grs.).  In  g:reen  ten  there  is  a  considerable 
quantity  of  a  volatile  oil  which  also  passes  into  the  infusion,  but  this 
w  Hot  present  in  black  tea,  owing  to  the  greater  heat  used  in  its  nianu- 
&cture.  Both  black  and  green  tea  contain  about  7  per  cent,  of  tannic 
add,  hiU  this  is  only  extracted  slowly.  The  bitter  taste  in  tea  that 
hiLs  bccu  prc'pared  too  long  is  due  to  the  tannic  acid  ])assing  into  Hala- 
tion. 

The  Miikefulness  and  the  n»lief  from  fatigue  which  are  produced 
hy  tea  and  coffee  arc  undoubtedly  due  to  the  caffeine  contained  in 
tht'tn,  and  are  to  be  ascribed  to  the  central  action  chiefly,  although 
its  iM'tion  on  the  muscles  may  also  be  of  some  vuhir  here.  On  the 
ollw»r  hand,  the  feeling  of  well-being  and  comfort  prrKluccd  by  coffee 
aftt'ra  full  meal  is  probably  to  \ye  explained  by  the  local  action  of  the 
volatile  oil  in  the  stomach.  The  same  result  is  produced  by  prepara- 
tioM  of  the  other  volatile  oils,  and,  in  fact,  these  are  often  added  to 
wffw  in  the  form  of  brandy  and  other  liqueurs.  Apart  from  thishtcal 
Mtion  the  volatile  parts  of  tea  and  coffee  (theon,coffeon)  seem  to  have 
III)  effect  whatever  on  the  economy.  In  ex|H>riments  on  the  activity 
of  the  digestive  ferments  outside  the  body,  it  is  found  that  caffeine 
inflreasea  slightly  the  rapidity  of  the  pn>cess,  but  that  coffee  and  tea 
ttird  it  aJDsiderably.  On  the  other  hand,  e<tfree,  probably  owing  to 
ila  volatile  oils,  increases  the  peristaltic  movements  of  the  intestine 
while  caffeine  has  no  effect  ou  them.  Tea  tliat  contains  much  tannic 
•wl  precipitates  the  [M.*ptones  and  nlbmnin^of  the  stomach,  and  may 
lead  tochninic  ilyspept:ia  and  constipation. 

It  wus  foriwrly  state<l  that  croffee  lessened  the  tissue  change  and 
^*t  it  ought  therefore  to  be  included  among  foods,  and  one  enthusiast 
*v«i  Btiggestetl  tliat  a  diet  of  tea  an<l  coffee  exclusively  should 
**  fwrved  out  iu  the  besieged  fortresses  of  France  in  1870.  It  has 
won  showu  conclusively,  however,  that  lar  from  lessening  the  metab- 
oliatn  of  the  Iwdy,  coffee  and  tea  increase  it,  the  amount  of  urea  and 
"irbonio  acid  excreted  being  considerably  augmented  by  their  use. 
Tflwiaonly  to  be  expected  from  the  increased  activity  of  the  nervous 

'*ttlTe9,  which  leaiU  to  increased  movement  and  increased  conaump- 

tioQ. 

uiomlate  contains  theobromine  (O.'5—l  ])er  cent/),  instead  of  caf- 
'^'ne,tti]d  I>eside3  this  a  large  amount  of  fat  (cacao-buLler  ;W— 50  per 
*^),  starch  and  albumins.  The  theobromine  does  not  possess  the 
vtiQiuhiQt  action  of  caffeine  on  the  nervous  system,  and  chondat*.'  may 
"i^ftfore  be  taken  whrre  coffee  or  t«i  proiluccs  wakefulness.  The 
••Arch  and  fat  are  assimilated  by  the  tissucii  so  that  chocolate  is  a  true 
M.    At  the  same  time  the  caiaio-butter  is  not  easily  absorlwd  fi-om 
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the  stomneh,  and  may  jfive  riise  to  heaviness  and  djsw>mfort,  uttt)  cvin 
to  imiigestioo.  Chocolate  is,  therefore,  often  used  freed  from  tho  oil, 
hut  thi.'ohroniine  is  aL?()  somewhat  detrimental  to  the  goi^tric  Dm  > 
iucraL>nine  alV>r  irontinued  use. 
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IX.     CtJRARA. 

Curarn,  woorara,  nrari  nr  woorali,  is  an  arrow  poison  used  hv  th« 
nativcH  of  South  America,  wlio  preimre  it  by  extracting  various  bark- 
and  [ilants.     The  plants  used  seem  to  vary  somewhat  in  different  locft^" 
itiesj  but  those  whieli   produce  the  symptoms  known  a.s  eurara  actio*^ 
are  uiidoubtetlly  members  of  the  ^»nus  Stryehuos,  such  nsS.  toxifer**-' 

Different  prqmratiomof  eurara  were  found  by  Boehiu  to  coutalu  different  alkft*^ 
loidn.  Tliut  Jonncrly  t^hUiiiudile  (»wed  iU  uctivity  U>  Ctirtirinf,  but  tho  cumr* 
now  exported  cnn(«i[i.-<  Tnhfu-itrtinnr,  which  resembles  curarine  in  its  action,  and 
(Mrine,  u  weaker  puisuu,  which  h«b  an  entirely  ilifferent  elTwt.  Another  prepa- 
ration oxiiiniuL'ii  by  him  conUiineU  three  alkaloids,  Prvfocitrtne,  ProfocuHdirtf^^ 
Protorurariiie,  the  bu(t  of  which  is  the  nuwt  powerful  of  all  the  eurara  nlk»li.i..K 
Mowt  uf  the  experiments*  <"'  wbiL-h  iht*  •aalcmonta  regarding  cnraru  action  , 
based  were  pcHbrnied  with  ibu  grude  drug,  but  the  alkaloids  ucem  to  hsve 
very  niuiiJar  efllH't,  with  th*'  exception  of  cnriue. 
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Action — The  chief  t*^"*'^'*    "**'  '^""*'^  '"^  jiaralysis  of  the  Tenninationi 
of  the  Nerves  Suuni^w  '   *^  "  '  *     ' 

P8«ly6is  of  aU  S^J 


gtna*«d  Muscle,  and  il  therefore  cau>e^  gimcral 
{itry  movement*.     Id  the  mammal  ilie  miii*- 


J/J^^ 


disgive  way  one  after  the  other  until  the  animal  lies  helpless  on  the 
gmiiDcl.  It  cam  still  move  its  Hmbs,  but  cannot  recover  its  ordinary 
position,  and  soon  the  limbs  l>eeome  totally  fiaralyzed  and  the  respiratory 
movements  alone  persist,  althongh  they  too  are  slow,  weak  and  jerky. 
Eveutiially  the  respiration  ceases  also  and  asphyxia  follows,  but  is 
Dot  betrayf^d  by  the  usual  convulsions,  owinj^  to  the  paralysis  of  the 
motor  nerve  ends.  The  blood,  however,  l>eeomes  venous,  and  the  Iicart 
soon  fails  from  the  asphyxia  and  not  through  tlic  direct  action  of  the 
poimn. 

In  tW  frog  similar  symptoms  arc  seen,  but  here  the  arrest  of  the 

mpiratiou  is  not  necessarily  fatal,  as  the  skin  carries  on  the  exchange 

of  pases,  and  recovery  not  infrequently  (M-curs  after  two  or  even  five 

days  of  complete  j)aralysis.     The  cause:  o.'"  the  rurai'a  paralysis  was  dem- 

onstrate^J  by  the  classical  researches  of  Claude  Berunrd  an<l  Kolliker. 

If  the  sciatic  nerve  of  the  frog  1h»  stimulated  during  the  paralysis  no 

movement  follows,  but  if  the  artery  of  one  leg  ho  ligaturctl  before  the 

application   of  the  poison  this  limb  remains  utiparalyzed  and  reacts  to 

niipx  irritati(»u,  wliile   the  rest  of  the   bo«ly  is   perfectly  motionless. 

Tbwe  facts  can  only  be  interprete<I  in  one  way ;  the  paralysis  is  peri- 

phwral  and  not  c(*Qtnd,  and  may,  theii^fc^re,  be  due  to  action  either  on 

iV  rauscle,  the  nerve   trunks,  or  the  intermediate  stmctures.     That 

it  is  not   due  to   the   muscle  is  shown   by  the  fact  that  direct  stimu- 

litiim  causes  the  same  movement  as  usual.     Ou  the  other  hand,  iu  the 

txpcriment  in  which  the  artery  is  ligatured^  stimulation  of  the  nerves 

«bove  the  ligature,   tliat  is,  where  the  poison  hits  access  to  the  nerve 

fihnrs,caui*es  contraction,  so  that  the  nerve  trunks  do  not  seem  alFected. 

This  mi\y  be  shown  in  another  way  ;  if  a  nerve-muscle  preparation  be 

fittdt:  and  the  nerve  be  laid  in  a  solution  of  curara,  contraction  of  the 

iDiMle  still  occurs  on  stimulation  of  the  nerve,  but  if  the  muscle  be 

laid  in  the  curanv  solution  stimulation  of  the  nerve  has  no  effect  while 

•iifpct  stimulation  still  causes  contraction.      Curara  must,  therefore,  act 

'>ti  llw?  oouDection  between  the  nerve  and  muscle  within  the  muscle  it- 

*"lf,  that  is,  on  the  terminations  of  the  nerve  iu  the  muscle.     Curara 

(wmlvKs  the  nerve  terminations  without  previous  stimulation. 

Here,  perhaps,  better  thaji  elsewhere  it  can  be  shown  that  the  coadition 

^^  "(laralyi^is  "  produced  by  poisons  is  analogous  to  that  termed  by  physiol- 
^P^  "  Tatif^ue."  It  is  kaowu  that  ou  st.imu)atiu>j  a  nerve  mpitUy  by  elec- 
^ 'hocks,  or  otherwise,  the  luu.scle  at  first  contniets  with  every  stimiiltttion, 
^^  eventually  ceaAes  to  re-spond,  owiup:  t^o  '*  fatigue"  of  the  nerve  ends, 
™tis,  to  their  inabiiity  to  transmit  inipulses  from  the  nerve  to  the  muscle. 
"Bifwihe  respond  to  nerve  stimulation  of  a  mu8<^'le  to  which  a  minute 
"r^iwuity  of  cumrine  has  been  applied,  be  compared  with  that  of  a  normal 
^,  it  i»  fuufid  that  the  poisoned  one  ceaaes  to  resjjond  much  suoiier  than 
"le  Mhrr — i.  fl.,  its  nerve  ends  become  fatigued  much  sooner.  Thp.  more  cu- 
''Wi*  applied,  the  sooner  does  it  fatigue,  until  at  last  no  rot<jK>n.se  at  all  can 
^Hicited  from  it.  The  "pandysia"  of  the  nerve  lerniiualions  by  curam 
tipD  la  of  tiie  §amp  nature  as  physiological  ''  fatigue,"  and  other  couditious 
"  panilyHiH"  are  also  analogous  to  those  produced  by  over-stimulation, 
e  exact  condition  of  the  paralyzed  organ  may  not  be  the  same  as  the 
QDe.     Thua  there  is  some  reason  to  suppose  that  in  the  curarized 
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k'nninations  the  ooergy  coiuninied  in  tmnsniiAfiioD  U  preeent,  but  in  vu^t 
form  that  it  caiiuot  be  changed  to  actual  xDOveaieDl,  while  in  futiguelte 
eneixy  ha.s  gill  hecu  exhausted  by  the  impulses  which  have  already  [iniieil  i 
through. 

Curara  paralyzes  very  readily  the  terminadoos  of  nerves  in  all  striped 
macular  tissue  except  the  heart.  The  nerves  first  aflfected  aa>  thist 
of  the  short  muscles  of  the  toes,  ear  and  eye,  later  those  supplying 
the  limbs,  head  and  neck,  and,  last  of  all,  tho.=e  stipplying  the  inn^clrt 
of  respiration.  At  first,  slight  movements  can  be  performe^J,  because 
single  impulses  can  pass  through  the  nerve  ends,  but  sustained  ron- 
trnctions  snch  as  are  necessary  to  preserve  the  equilibrium,  cannot  b* 
niuintuined,  and  the  animal  therefiirc  falls.  The  intermittent  impiil.« 
to  the  respiratory  muscles  still  allow  time  in  the  interval  for  the  ft- 
<jovery  of  the  tenninations,  but  as  the  intoxication  proceeds,  the*  noni- 
ber  of  impidses  which  can  pass  through  becomes  fewer  and  fewer,  aiiJ 
the  movement  therefore  assumes  more  and  more  the  character  of  a  jerk. 
Eventually  total  paralysis  sets  in  and,  uuless  artificial  rcspiratinn  tf 
carried  on,  asphyxia  follows.  Small  doses  of  curara  do  not  affed  ibt 
innervation  oi  unstriped  muscle,  and  the  strict  demarcation  of  itsartioQ 
is  Been  very  distinctly  in  organs  which  consist  partly  of  striated  aini 
partly  of  nnstriated  fibres.  Thus  in  the  oesophagus,  the  striated  miifclt* 
fibres  no  longer  contract  on  stimulation  of  the  vagus  after  cunirtt 
while  the  uni^triated  continue  to  respond  as  uHual.  In  the  iris  of  th« 
mammals,  which  consists  of  unstriatcd  muscle,  curara  has  no  effect,  while 
the  siriated  muscle  of  the  bird's  iris  ceases  to  rt»6pond  ti»  slimuiatlun  "f 
tlie  motor  oculi,  but  contracts  on  direct  stimulation.  The  torminatioD^ 
of  the  nerves  in  the  heart  are  not  affected,  as  the  cardiac  fd>re  is  not  of 
the  same  charact^T  as  tht;  ordinary  striateil  one,  but  the  nerves  of  lit 
lymph  hearts  of  the  frog  arc  paralyzed,  these  organs  consisting  ofordi- 
nary  striatefl  nuitiplo.  Curiounly  enough,  it  has  been  found  thai  cunirt 
does  not  ac!t  on  the  tcrminaltoiis  of  the  motor  nerves  stipplying  the  pI*"*?' 
trieal  organ  of  the  torpedo,  altluiugii  this  organ  is  analogous  to  etriatrd 
muscle  in  many  rcsjMicts.  Tlie  nerve  emls  in  striated  muscle  in  j^ 
vertebrates  also  appears  to  be  immuuc  to  curara  (Straub).  fl 

The  nerve  fibres  seem  unaffected  by  curara,  for  stimulation  oaoW 
the  usual  electrical  changes  in  them  aftt'r  it.  The  action  of  curara  on 
the  muscle  fibres  has  been  agrx>d  deal  disputed,  manv  authorities  deny 
ing  that  any  alteration  whatsoever  occurs,  while  others  assert  that  sHlJ^ 
mixlificutions  may  l>c  observed. 

When  larger  quantities  of  curara  or  curarlne  are  injecteil,  scV' 
other  organs  are  affected.  Thus  the  Peripheral  Ganglia  wase  It)  tra^^ 
mit  impulses,  and  hence  stimulation  of  the  nerves  central  to  them  ^^ 
little  or  no  effect.  In  this  way  the  stimulation  of  the  vagus  ia  ^^^ 
neck  produces  no  slowing  of  the  heart,  because  the  impulses  can  ^° 
longer  pass  tliroiigh  the  ganglionic  structures  on  the  course  of  ll^ 
fibres,  and  sliruuhilioii  of  sevenil  secretory  nerves,  such  as  the  chord* 
tympani,  lias  no  vWWt  on  the  serrction.  The  symi>athetic  g-angliasu* 
als*)  jwralyzed  by  uicotiue,  which  differs  from  curara  in  stimul 
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ni  pr^nounly,  and  also  iu  attacking  tiie  gHiigliu  bi>iore  it  aOccts  the 
ID  mu^-k'. 
quantities  of  ciirara  are  often  said  to  paralyze  the  nerve 
muinatioDii  in  un^triated  njusclo,  but  this  has  never  been  siitistactorily 
imvwl,  all  the  symptoms  f|Uoted  to  show  this  efloet  being  explained 
i)thp  paralysiH  of  the  sympathetic  ganglia,  which  undoubtedly  occurs. 
CoTttra,  then,  first  paralyzes  the  terminations  of  eilVrent  or  eentri- 
■I^Derves  in  voluntary  muscle,  and  in  larger  «|uantities  the  ganglia 
t£  Nicotine).  The  periphenil  terminations  of  tlie  afferent  or  sensory 
len-es  seem  unaffected,  for  if  the  artery  of  one  leg  be  ligntnre*!  before 
tlicapplicati»»n  of  cunira,  reflex  movements  may  be  obtained  in  it  from 
itimulatiou  of  any  part  of  the  Utdy,  while  if  the  nensory  terminations 
nwre  paraly/x-d  reHexes  could  be  elicited  only  by  the  irritation  of  parts 
to  which  the  poison  had  not  penetrated,  /,  e.y  from  the  ligatured  leg. 

Very  large  «|uuutitie3  of  curariuc  uru  said  by  Tillio  to  cause  a  stim- 

uladoii  of  the  Central  Nervous  System  resuiublnig  that  describe  under 

strychnine.     In  t>rdiuary    poisoning,  however,  no   evidence    of   tliis 

jtimalation  la  Bhown,  as  although  au  increased  number  of  impulses 

Ottv  be  ijcnt  out,  they  cannot  reach  the  iK'ripheral  organs  owing  to  the 

kklysi.'^  of  the  motor  eud-p1ati>s  and  of  the  gsuigliu. 

|Bc  Heart  does  not  seem  to  be  acted  on  directly  by  ordinary  quau- 

Ma  of  cnrarine,   aiul   the'  circulation    is  lefl  intact    long  after   the 

respimtory  nervcsi    have   been  paralyze*!.     Large  ([uantities  prevent 

lltfi  inhibitory  action  of  the  vagus,  and  the   pulse   is  consequently 

i|iiiokt?Ded,  but  the  blood-pressure  <>ften  W^insto  fall  at  the  same  time, 

ftwiug  to  the  dilatation  of  the  ]>ertpheral  arteries  through  paralysis  of 

^H^iglia  on  the  oourst!  of  the  cntustrictor  nerves.     After  curaraand 

Pftine  the  movemeiits  of  the  Intestines  are  said  to  be   increased. 

This  was  fiirraerly  supposed  to   be  due  to  the  asphyxia,  but  seems  to 

w  iud('|>cndent  of  it,  for  the  incnnised  peristalsis  occurs  even  when 

wificial  respiration  is  kept  up,  and,  aecortliiig  to  Xasse,  the  irritability 

*>f  the  bowel  miLst'le  ia  much  increaswl  by  cunira.     A  similar  aceclera- 

tti^o  of  the  rhythmic  movements  of  the  splct^n   has  been  nut*:^!  after 

wram  liy  Shafer  and  Moiire. 

Becretiona  sometimes  seem  to  be  inereascHl   by  curara,  tor  tears, 
and  perspiration  may  be  formed  in  considcralile  excess  of  the 
'filial. 

Hfttaboliam. — The  cessation  (tf  the  ordinary  movements  after  cumra 
**i  umh/r  artificiiU  respiration  lias  getienilly  ln'cn  accompanied  !>y  a 
^fkn\  (Ifvn^ase  in  the  oxygi^n  abs4)rfttion  and  the  ntrbonic-aeid  exere- 
""•».  I»ni  Frank  and  Gcblmrd  state  that  this  is  ufit  tin*  case  when  (he 
'**'ilH!r:Hurc  is  maintainetl  by  the  applifati^m  of  heat.  Sugar  and  lactic 
■"d  are  often  fimnd  in  the  urine  after  cururj,  but  this  is  due  t4»  imrtial 
*T'vxi.T  and  n<»t  (o  the  direct  urtiou  of  the  j)oison  ;  the  glyc<»gen  of 
'w  liver  and  nniselcs  di-:.'ippr;irs  i'i*oni  the  sitme  cruise. 
yint^  is  excreted  l)y  tin-  kidneys  apjiaretitly  uncbangeil.  It  has 
becD  known  tJmt  this  arrow  poison  may  l>c  swallowed  with  inipu- 
pnivided  there  is  no  wonndeil  surface  in  the  mouth  or  throat  and 
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tlmt  it  is  therefore  perfectly  l^afe  to  suck  the  poison  from  a  wound. 
Tills*  has  been  explained  in  various  ways,  some  holding  that  the*  »K- 
sorption  frcim  the  stomach  is  so  slow  that  the  kidneys  are  able  lo  pJt- 
Crete  the  |K)isou  as  fast  as  it  reaches  the  blt«>d  and  that  this  prevcnte  its 
accnmulation  in  siitficient  quantity  to  affect  the  tissues.  Others siippoH' 
that  the  liver  retains  and  destroys  it  and  a  third  view  is  that  it  isren- 
dere<l  innoruoiis  in  passinji;  through  the  stomach  walls. 

Uothberger  has  n-ctnitly  nhown  that  curara  and  physosligniiac  are 
mutually  antagonistic  at}  far  as  the  action  on  the  nerve  termiiiatiom  in 
striated  muscle  is  concerned  (see  Physostigmiue). 

Curiae,  the  second  alkaloid  found  by  B(M'hm  in  Homt*  spedmenfl  orcumiUt 
IK  a  much  less  poii^mouH  body  thiui  cururiiu*.     Jt  posflessnt  Rome  action  oo 
the  heart,  the  same  appearances  foMowing  its  injpction  in  the  fmg  us  iiftet 
digitaliu  and  veratrinn,  whiU'  in   mnmmals  the  rhythm  is  slow  cvca  afte' 
paraly.sis  uf  the  inhibitory  mechanism. 

Prepauations. 

Curara.  an  extract  of  varyinjj  constitution  and  strength.  The  artive 
gtiliicnis  are  freely  soluble  in  acidulutinl  water,  and  when  used  ought  to 
iujectiHi  hypixiermii'ally.  Before  using  curara  in  Ihemjteuties  it  is  always 
uecc*>ary  to  estimate  the  strength  of  the  pi'e|»aration  by  experiments 
animals,  and  its  application  ought  to  be  graduated,  commencing  with  the 
HnialU'Ht  quantities  and  iuctrciwitig  them  until  thv*  desired  etlect  is  attained. 
Neither  curara  nor  its  alkaloids  are  uUicJal. 

Therapeutic  Uses. — Curara  has  been  used  oocasionalty  in  \-anous  ooodi* 
tions  of  exaggerated  movement,  such  as  tetatULs,  strjchnine  i»i.*ioning  and 
hydrophobia.  The  object  is  to  lessen  the  movement  by  partial  iiaralysis  of 
the  motor  terminations.  The  respiratory  nervPi*  being  the  last  to  he  uOeeted 
by  the  poison,  the  convulsions  may  be  controlled,  or  at  any  mte  hindereil 
from  causing  such  marked  iri*cgularity  of  the  respiration  as  they  would 
otherwise  do,  and  in  the  same  way  the  overstrain  of  the  heart  eauseil  by  the 
couvailsions  may  he  prevented.  The  danger  aecompanying  the  use  of  curara 
is  great,  however,  and  the  fact  that  in  uU  tlies*  cases  the  cause  of  the  move- 
ment ia  excessive  activity  of  the  central  nervous  system  would  seem  to  indi- 
cate one  of  the  many  depreasanlH  of  that  syBtem,  rather  than  a  drug  such  as 
curani,  whoso  at^tion  i^^  on  an  entirely  different  part  of  the  Ivody.  8ome 
cases  of  tetanus  ainl  one  uF  hydroiihobiu  are  alleged  to  have  been  successfully 
tretited  by  it,  hut  its  use  mtHt  still  be  reganied  as  purely  experimental,  and, 
in  fact,  as  generally  opposed  Ut  the  te.iehiugs  of  ratiunal  therapeulics. 

Pamlysis  of  the  terminations  of  the  motor  nei'\'cs  in  striated  muscle — the 
wi-ealled  *'  Curara-Action  " — is  elicited  hy  a  large  number  of  poisons,  but  in 
few  of  them  is  it  the  lirst  etl'ect  of  their  application.  Many  (irugs  induce  it 
only  when  inje<*le<l  in  large  quantities  and  at  the  end  of  a  series  of  phenom- 
ena produce<l  by  their  action  on  other  parts  of  the  body ;  it  is  oliserve*!  much 
more  fretpiently  in  frogs  than  in  mammals,  and  is  often  of  little  importance 
compared  to  the  other  symptoms.  Among  the  bodies  which  resemble  eurara 
more  closely  in  their  action,  the  peripheral  paralysis  playing  the  chief  rfde 
in  their  effecU,  are  the  ammnninm  enrnpoundu  formed  from  the  natural  alkaloids 
hy  the  substitution  of  an  jilkyl,  r.  </.,  niethylstrychiiine,  amylquinine,  etc,' 
Some  of  the  lunmoniuui  Hultv  timl  mauy  <>f'  the  ulkyi  ammonium  eumbinatioiu 
also   cuuse   it,    s*>  tliat   the   general   statement    may   be    made    that   quateniar}' 

'  Boehiit  has  recently  niiiieil  thai  tiilnx'iirarinp,  which  U  thy  orlive  eon.<«tt(UL*nt  of 
much  iif  the  im)dt?m  cumra,  ir>  really  one  of  those  methyl  hnves  (methTlcorine). 
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totupounds  of  iiiiro>;ea  posiieiis  a  cumra  tixliun  ;  in  tbi'f^e  the  uitrogcn  atom 

BW»y  be  replaced  by  pbusphoriu^  or  arsenic  without  losa  of  the  curara  action, 

K>tbat  mtrugen  ia  not  a  necessary  constituent  of  aubstances  poaseaatng  this 

pTOperty.     The  simpler  bodies,  pyridine  and  qiiinoline  which  form  the  boftis 

ofiDost  of  the  natural  alkaloids,  have  little  action  save  on  the  nerve  ends,  a 

(act  which  is  of  Mime  importance  in  the  cousiderution  of  the  relation  between 

ibcfhemical  constitution  and  the  pharmacolo^cal  action  of  poisons.     At 

Btaame  time  the  pro]H>rty  ofcauBing  this  paralyRis  in  so  widcBpread  among 

nBtancoii^  of  very  ditf'erent  cjjnatitution  that  it  may  be  looked  upon  as  in- 

iUratiti^  a  peculiar  susceptibility  and  weakness  of  the  motor  terminations, 

nor? especially  in  the  lower  vertebrat'Cs,  and  inferences  based  upon  it  as  to 

Itw  mattial   relation  of  auhatanoee  are  to  be  received  with  cantioa  (San- 


Iowd). 
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X,     CONHNE,    QELSEMININE    AND   SPARTEINE. 

N.'Veral  alkaloids  which  sliow  many  points  of  resemblance  ta  curara 
ititheir  pbaniia<!ctl()gical  eiftKJt.s.  may  be  cla-ssed  together,  althougli  their 
*ti{)D  may  differ  in  details. 

Ooniine. 

iGMiiine  is  one  of  the  simpler  derivatives  of  PiperUVnie^  which  is 

■BiK'd  from  Pt/rHline  hy  redntition.      A  Mcric.«  of  alkalotilH  mjiy  be 

™«1  from  piperidinc  by  substituting  methyl,  ctJiyl,  propyl  or  other 

•Ikyk  fi>r  hydrogen,  and  one  of  tliese,  a-propyl-]>iperi<line,   is   the 

**^nil  alkaloid  couiinc. 


bine  is  foimd  in  Hemlock  (Conium  mnculatnm),  along  with  two 

'fly  n Hied  alkaloids,  Mcthiffconiinr  imd  Omhifdnue.     The  latter  dii- 

jers  fmm  coiiiine  only  in  having  a  hydroxyl  group  in  the  side  chain. 

lylconiine  is  found  in  many  specimene  of  coniine,  and  is  probably 

in  the  plant,  although  this  has  not  been  definitely  proved ;  in 
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it  the  hydrogen  attached  to  tlte  nitrogien  of  coniine  Lh  replaoeAi 
methyl.  Coniiae  isofsome  historical  importance,  as  the  first  ^t^tabl 
alkuloid  which  was  gnccessfuUy  formed  by  synthesis  in  tlie  hilKtratun. 
It  is  a  volatile  fluid,  clmracterized  by  a  strong  mouse-like  odor,  bul 
forms  cPi'stallioc,  nou-volatile  salts.  The  two  other  alkaloids  of  lien- 
lock  act  in  the  same  way  as  coniine,  although  much  more  weakly,  S(i 
that  the  effects  of  the  crude  preparations  of  the  plant  are  idetitial 
with  those  of  coniine. 

Piperidine  and  iu  compounds  with  methyl  and  ethyl-act  in  tliesaiw 
way  as  coniine  but  more  weakly.  An  ascending  scale  of  toxicily  nwr 
U:  formed,  commencing  with  piperidine  and  passing  upwards;  ihroupH 
methyl-  and  ethyl-piperidine  to  coniine.  The  other  simple  derivative 
of  pijwridiiic  seem  to  resemble  coniine  in  their  action  as  far  aa  it  in* 
been  investigated. 

flsrmptoms.  —  The  general  symptoms  induced  in  man  by  poisnnuos 
doses  of  coininc  are  weakness,  languor  and  drowsiness  which  d()CSD«i  | 
pass  into  actual  sleep.  The  movements  are  weak  and  unsteady,  tbf 
gait  is  staggering,  and  nausea  and  vomiting  generally  set  in,aIongwith 
profuse  salivation.  In  most  cases  the  intelligence  remains  clear  to  tbc 
end,  as  is  related  of  the  death  of  Socrates  from  hendock  poiaoniii]!;, 
but  in  some  instances  irajwrfect  vision  and  hearing  have  been  nottd. 
The  pupils  are  somewhat  dilated.  Tremors  and  fibrillary  contraolioos ; 
of  the  muscles  are  often  seen  in  animals,  and  some  olwervers  statptlml 
actual  convulsions  occur.  Tlie  breathing  becomes  weaker  and  slowtf 
and  death  occurs  from  its  arrest.  iH 

Action. —  Couiine  is  sometimes  credited  ^vith  possessing  a  nartW 
depressant  action  on  the  Central  Kervous  System,  hut  this  is  by  w 
means  a  characteriHtic  feature  in  poisoning,  for  in  both  man  aii*l 
animals  consciousness  is  often  retained  until  irame<liately  before  tk 
oessation  of  the  respiration.  Other  writers  mention  convulsionsJuA 
feature  of  coniine  poisoning,  and  weak  convulsive  movements  are  oft*" 
seen  before  death,  obviously  from  the  failure  of  the  respiration^ 
Quite  distinct  from  these  are  the  twitching  and  tremors  of  the  phtLVJ 
stages  of  the  intoxication,  which  are  often  aci'ompanied  by  a  oerlaiD 
stiffness  and  rigidity  of  some  of  the  muscles  of  the  limbs.  Some  of 
these  movements  may  he  due  to  the  partial  paralysis  of  the  motor 
nerve  terminations  preventing  the  animal  from  contracting  its  n"i*" 
cles  in  a  norm^il  tetanus  and  permitting  only  of  short,  jerky  move- 
ments, which  may  readily  be  mistaken  for  convulsions.  But  at  tbf 
same  time,  the  tremor  and  the  rigidity  of  the  limbs  seem  to  indicate 
some  central  stimulation,  althtfugh  this  pttint  nxjuires  further  iuve^ 
gation.  This  preliminary  stimulation  may  afterwards  pass  intoQ^ 
pression  of  the  lower  parts  of  the  central  nervous  system,  although  tbtf 
is  denied  by  some  investigators,  who  maintain  that  couiine  has  little 
or  no  centnil  action,  but  manifests  its  activity  only  in  the  peripberd 
oi^ns. 

Coniine  causes  nausea  and  very  often  vomiting  at  an  early  stage  of 
it6  action.     This  may  be  elicited  by  its  hy|HHlermic  or  intravenons  io* 
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jectioD,  and  is  probably  due  to  an  alteration  in  the  medullary  ccnlrca 

T  lliun  in  the  stoumch.     The  nausea  is  accomj^anicd  by  profuse 

>ation  and  sometimes  by  perspiration. 

The  chief  eflei't  of  couiiue  iu  the  frog  in  a  paralynis  of  the  Termma- 

tiooi  of  the  Motor  Nerves  similar  to  that  induced  by  curara.     This 

poniK'sis   is  elicitetl  only  with   difficulty  in  the  mammal,  but  unquea- 

lionably  occurs  to  a  more  or  less  marked  extent.     According  to  some 

resran-hos  on  tl»e  subject,  all  the  symptoms  iu  mammals  are  due  to  the 

VHis  of  the  ends  of  the  motor  nerves,  while  others  regard  both  the 

ivulsious  and  the  Bnal  failure  of  the  respiratiou  as  of  eontral  origin. 

Itiseems  likely  that  while  in  the  frog  the  symptoms  are  all  due  to  tlie 

action  on  the  nerve  terminations,  some  of  tlic  phenomena  olwerved  in 

muumals  are  due  to  r»?ntral  stimulation  and  to  sul>se<}uent  pumlysis  of 

the  medullary  centre  of  respiration.     It  is  difficult  to  explain  on  any 

other  theory  how  the  symptoms  of  coniine  poisoning  are  so  different 

from  thoec  of  curara. 

CoEuine  acts  on  the  Peripheral  Ganglia  in  the  same  way  as  curara, 
Aooording  to  some  writers  these  are  first  stimulated  and  then  para- 
Ined,  and  there  seems  to  be  no  question  as  to  the  final  paralysis, 
whether  the  preliminary  stimulation  is  present  or  not.  Coniine  cer- 
liinly  does  not  act  so  strongly  on  the  g;inglia  as  nicotine,  and  the 
drttils  of  tlie  action  may,  tlierefore,  Ik*  K-ft  for  discussion  under  that 
Voiding,  (See  page  274.)  The  inhibitory  impulses  no  longer  reach 
the  heart  afker  large  doses  of  coniine,  owing  to  paralysis  of  the  gang- 
Uc  apparatus  and  stimulation  of  the  vagus  nerve  has  no  effeet  on 
the  pabe  rate.  Some  drugs  which  act  on  the  extreme  terminations  of 
tlie  inhibitory  fibres  still  slow  and  wejiken  the  heart,  however.  Simi- 
Urly,  stimulation  of  tlie  cervical  sympathetic  no  lunger  dilates  tlie 
I«ipil,  because  the  su|)erior  cervical  ganglion  is  paralyzed.  The  ]iartial 
■lilsution  of  the  pupil  in  cases  of  poisoning  may,  perhaps,  indicate  a 
^lor  action  on  the  ciliary  ganglion. 

Coniine  stHfms  to  have  but  little  direct  effect  on  tfie  Heart  though 
ItTTgc  quantities  slow  the  rhythm  and  somewhat  prolong  the  systole  in 
ihp  frog  (Moore  and  Uow),  and  s<ime  slowing  of  the  mammalian  heart 
hu  bwn  noted  from  the  intravenous  injection  of  large  quantities.  The 
iuhibitory  mechanism  is  often  found  to  be  siimuluted  and  the  pulse  is 
iccurdingly  s*umewl»at  slow  and  weak.  The  paralysis  of  the  ganglia 
00  the  inhibitor)'  nerve  may  lead  to  some  acceleration  in  other  cases, 
but  the  changes  in  the  heart  are  not  marke<l  features  in  the  intoxica- 
tion. 

Moore  and  Row  have  observed  a  very  consideml>le  though  transient 
ujtiwjw  in  the  art<*riul  tension  after  coniine,  and  reganl  it  as  of  pe- 
ri[kfacml  origin,  for  they  found  tlmt  the  perfusion  of  coniine  through 
the  blood  vehsels  of  the  frog  tends  to  conntrict  them,  while  the  direct 
•Mtiotion  to  the  expose<]  blood  vessels  has  no  such  e§ect,  but  rather 
videos  their  C4dibre.  They  are  acconlingly  inclined  to  regani  the  rise 
of  bkx>d-pres:4ure  as  due  to  a  stimulation  of  the  ganglionic  apparatus 
Iji^g  oo  the  course  of  the  vaso-constrictor  nerves. 
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The  Respiration  is  generally  accelerated  and  de<»pened  in 
stages  of  tlie  coniine  intoxication,  but  later  becomes  slow  and  labonnl. 
then  weak  unci  irregular,  and  finally  ceasee  while  the  heart  is  hlill  stiDng 
and  tiie  consciousness  has  just  disiippeai^.  The  cause  of  the  asphyxia 
is  still  undecided,  many  investigators  holding  that  the  centre  is  paralyzrd 
before  the  terminations  of  the  nerves  in  the  diaphragm,  while  the  ma- 
jority of  recent  investigators  look  upon  the  paralysis  of  those  tcrmiw- 
tions  as  the  cause  of  death. 

A  curious  cliange  has  been  observed  by  Gurher  in  the  Blood  Cells  of 
frogs  poisoned  with  coniine.     Numerous  small  vacuoles  apj>ear  in  llw 
red  corpuscles,  and  persist  long  after  the  frog  shows  no  further  symp- 
toms of  |M)isoning.     The  nucleus  is  also  somewhat  altered,  but  not  W' 
characteristically.  ' 

Coniine  is  rapidly  excreted  in  the  urine,  so  that  its  action  j)afi3es  of 
very  soon  even  when  quite  large  doses  are  taken.  The  treatment  ftf 
coniine  poisoning  therefore  consists  in  evacuation  of  the  stomaoh  audi 
artificial  respiration. 

Piperidine  acts  in  the  same  way  as  coniine,  but  more  weakly  wl 
methyl-  and  ethyl-piperidine  stand  between  them  in  toxicity.  M 
of  the  piperidine  alkaloids  cause  the  formation  of  vacuoles  m  the 
hhMxl  wIIh  of  the  frog,  and  the  simpler  meml>ers  of  the  series  act  m 
strongly  in  this  direction  than  the  more  complex  ones,  while  thev 
much  k'ss  active  as  general  jMiisons. 

Pyridine  rew?mblcs  piperidine  in  most  features  but  does  not  panilvzaj 
the  ganglia  nor  increase  the  hlood-pressure.  It  seems  more  poisououi 
in  frogs,  and  induces  distinct  dejiressidn  of  the  central  nervous  svst*'ni,' 
but  like  piperidine  it  is  only  feebly  poisonous  in  mammals.  Pyritlioe 
is  excreteti  in  the  urine  as  methyl-pyridine,  a  combination  between  it 
and  the  alkyl  occurring  in  the  tissues.  A  similar  s^Tithesis  occurs ' 
between  methyl  and  telluric  acid  (see  Tellurium). 

QuinoLine  and  isiniuiuoline  cause  in  mammals  a  condition  of  col- 
lapse similar  to  that  seen  under  the  antipyretics  and  the  benzol  com- 
pounds. 

pREPARvVTIOXS. 

Coniam  (TT.  8.  P.),  Conii  Fructus  (B.  P.),  the  dried,  full-grown,  unrip* 
fruit  of  Coniura  maculatum,  or  hemluck. 

FliiiHextrarUim  (Xmii  (U.  S.  P.),  0.1-0.5  cc.  (2-8  mins.). 

nnrOira  C^nii  (R  P.),  i-1  A.  dr. 

Conii  Folia  (B.  P.),  tho  fresh  leaves  and  young  branches  of  Coniujn  mKV 
ulatum,  edlloeted  when  the  fniit  hegiiva  to  form. 

iSucr^un  Conii  (B.  P.),  juice  of  hemlock,  in  which  one  part  of  alcohol » 
added  to  thrpe  of  the  juice,  1-2  i\,  drs. 

Umjuenium  Conii  {T^.  P.). 

rherapeutic  Uses.  — Conium  has  paiised  into  almost  com]>letedi 
It  has  heeu  prescribed  in  whooping-cough  and  chctrea  with  tlonbtfuf 
results,  and  hiis  been  employed  hirally  and  given  internally  to  n-He^ 
pain,  TeUnua  and  strychnine  poisoniug  liave  been  treated  with  it 
without  a|ti)arcut  results. 
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Gelsemiom. 

Geliiemium  sempervirens  (Yellow  JasmiDe  or  Carolina  Jasmine) 
oMttins  two  alkaloids,  Gel^einiiw  and  OeUeminine.^  Gelsemine  forma 
rmfalline  salts,  while  gebu?miiilne  Ls  entirely  amorphous,  and,  as  far  as 
i-*  kmiwii.  dix'ji  not  form  any  crystalline  combinations.  Gelsemine  is 
■"■ .  "  'ly  active,  inducing  the  same  symptoms  in  fr*^  :i.s  strych- 
.  i.iving  noetlectri  on  mammals, even  when  injected  into  a  vein 
large  quantity.  Gebemiuiue,  on  the  other  hand,  is  a  jwwerful 
|...-vu  which  resembles  coniine  in  most  of  its  effects.  The  action  of 
thf  crude  preparations  of  gelsemium  is  undoubtedly  due  to  gelscmi- 
Dtoe  and  not  to  gelsemine,  as  far  as  mammals  are  concerned.  Large 
qmntilii^  of  the  extract  iiyectwi  into  frogs  may,  however,  increaso 
tie  reflex  movements  somewhat  from  the  gelsemine  they  contain. 

Aetton.  —  The  symptoms  of  gelsemium  poisoning  rest^mblc  thi>sc  of 
flOBuae  !n>  closely  that  the  reader  may  1m*  referre<I  to  the  deseri|>tiou 
^ren  ooder  the  hitter.     Gelseminine  differs  from  coniine  chiefly  in 
poaanaing  a  more  depressant  action  on  the  central  nervous  system.     In 
die  fn>g  the  epimil  cord  is  distinctly  leas  active  than  usual  before  the 
codft  of  the  motor  ner\'es  are  paralyzed,  and,  in  fact,  the  depression  of 
th^   omtml    nervous    system    seems   to   l»e  the  cause  of  the  general 
pandy«ifi  in  these  animals,  rather  than  the  |x^ripheral  action,  although 
thu  M  always  present.     In  mammals  the  symptoms  resemble  those 
€if  ooniinc  more  closely  than  in  the  frog,  and  there  may  be  some  ques- 
fo  whether  the  effects  are  mainly  central  or  peripheral   in  ori- 
icrr  is  a  general  consensus  of  opinion,  however,  amongst  those 
I  have  worked  on  the  subject,  that  gelseminine  proves  fatal  by  para- 
lysing the  n-spirnlory  centre  rather  than  the  terminations  of  the  nerves 
in  the  diaphragm  and  other  mtiscles,  while  most  writers  now  consider 
tbe  Mpb/xia  of  coniine  poisoniug  due  to  the  ix^ripheral  action.     The 
i^rmptiiHiia  are  practically  identical,  however,  and  it  will   probably  Ito 
fimxHl  ibat  lK»th  act  on  the  same  points  in  the  innervation  of  the  n-spi- 
FBti<»n.      Id   the   meantime  the   question   must  remain   undtrided   for 

The  pupil  i»   ver}*  widely  dihitcfl  by  gelseminine  when  a  soltiti<m  is 

■  OchouiiM*  is  frequi^nll^  kinmii  as  fcclftcniinine,  n  tiw  of  ilic  U-nii  which   lendv  to 
i  which  u  not  hoiiod  on  iIil*  hbtJirjr  of  the  drug. 
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applied  locally  to  the  eye,  much  less  so  in  general  poisoning,  in  wbic}=:=r 
the  respiration  generally  fails  before  the  pupil  is  fully  dilated.     Thp"== 
power  of  accommodation  is  also  entirely  lost  when  gelseminine  or  gel — - 
semium  tincture  is  applied  to  the  eye.     This  mydriatic  effect  has  not^ 
been  explained,  but  the  most  plausible  su^estion  would  seem  to  be^ 
that  gelseminine  paralyzes  the  terminations  of  the  oculomotor  nerve  in  _« 
the  eye  in  the  same  way  as  atropine. '   Gelseminine  differs  from  atro-  — 
pine  in  its  behavior  to  other  nerves,  however,  for  it  paralyzes  the  inhib-  — 
itory  cardiac  fibres  and  the  chorda  tympani  through  acting  on  the  gan- 
glionic structures  on  their  course  and  not  on  the  extreme  terminations. 
Its  action  on  the  ganglia,  as  &r  as  it  is  known,  resembles  that  of  coniine, 
but  it  does  not  cause  any  increase  in  the  arterial  tension,  such  as  is 
observed  under  this  poison. 

Preparations. 

OelsezQinm  (U.  S.  P.),  Gelsemii  Radix  (E.  P.),  the  dried  rhizome  and 
roots  of  Gelsemium  sempervirens  or  nitidum. 

Fluidextradum  Gelsemii  {  V.  S.  P.),  0.3-0.6  c.c.  (5-10  mixw.)- 

Tmciura  Oelsemii  (U.  S.  P.,  B.  P.),  0.3-1  c.c.  (5-15  mins.). 

*  *  Gelsemine  "  is  an  unofficial  mixture  of  the  alkaloids  in  very  varying  pro- 
portions.     In  some  preparations  no  gelseminine  whatever  was  found. 

Therapeutic  Uses. — The  tincture  of  gelsemium  has  been  employed  as 
a  mydriatic  in  ophthalmology,  but  it  presents  no  advantages  over  the 
more  generally  used  preparations  of  atropine,  and  sometimes  causes 
some  pain  and  redness,  which  has  prevented  its  general  adoption  for 
this  purpose.  In  certain  forms  of  neuralgia,  especially  of  the  facial 
branches  of  the  trigeminus,  gelsemium  has  proved  of  some  value,  when 
administered  internally  as  the  tincture. 
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Sparteine. 

Another  alkaloid  which  resembles  coniine  closely  in  its  action  is 
Sparteine,  which  is  found  in  the  common  bnx)m  plant  (Spartium  or 
Cytisus  scoparius),  along  with  a  neutral  substance,  Scoparin.  Spar- 
teine* is  a  pyridine  derivative  po.ssessing  the  formula  C,j^H„Nj,  and 
is  a  fluid,  but  forms  crystalline  salts,  which  are  often  prescribed  instead 
of  the  crude  ])reparations. 

Action.  —  The  general  effects  of  sparteine  are  almost  identical  with 
those  of  coniine,  but  it  seems  very  probable  that  the  central  nervous 
system  is  little  affected  by  it,  the  whole  of  the  phenomena  pointing  to 
a  jiiinilvsis  of  the  jx^ripheral  terminations  of  the  motor  nerves  and 
probably  of  the  terminations  around  the  cells  of  the  sympathetic  gan- 
gliii.  Sparteine  has  more  effect  than  coniine  on  the  hearty  which  it 
'  Sparteine  al»o  occure  in  the  black  and  yellow  lupines  along  with  lupinine- 
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tie|>retws  s«>  tliut  the  rhythm  is  slow  and  the  contractions  woak. 
Wbt'n  inj«:t«l  into  a  v(un,s|)arteiut;  induces  less  incrt^as^  in  the  urtfrial 
iemion  than  coniine.  probably  because,  the  coutraetion  of  the  vessels 
is  (wunt^rbalant'eil  by  the  weakness  of  the  heart.  Xo  inerense  in  the 
arterial  tension  is  observed  from  the  adininistratiou  of  sparteine  iuter- 
mlk.  autd  even  the  slight  rise  of  pressure  induced  by  intravenous  iu- 
jwtion  is  of  only  short  duration. 

The  kIow  pulse  and  sliijht  rise  of  pressure  observed  in  cxpcHmouts 
ID  imimais  when  sparteine  is  injected  intravenously,  have  le<l  some 
writen  to  ascribe  to  it  an  action  similar  to  that  of  digitalis,  and  at 
ow  lime  sparteine  was  used  to  some  extent  an  a  substitute  for  the 
kier;  \yoXU  experimental  and  clinicul  nbservatinns,  however,  go  to 
ihow  that  these  claims  are  quite  unfounded,  and  sparteine  is  compara- 
tively little  used  at  the  present  time,  and  jwssesses  no  properties  which 
are  likely  to  reinstate  it  in  favor. 

Sparteine  Ls  very  much  less  poisonous  than  either  coniine  or  gelsemi- 
aine.  It  proves  fatal  to  animals  by  paralyzing  the  terminations  of  the 
['hn-nir  nerves  in  the  diaphragm. 

Broom  tops  have  long  enjoyed  a  certain  reput4ition  as  a  diuretic,  and 
thlt  pertiaps  strengthened  the  l)elief  in  the  virtues  of  spart^'ine  as  a 
remedy.  The  diuresis  is  not  due  to  the  sparteine,  however, 
tn  the  aooparin,  which  seems  to  act  on  the  renal  epitliolium  in  the 
«  way  as  I^va-ursi  aud  other  remedies  of  that  wcries.  The  bn)4»m 
tDpiare  generally  administered  in  the  form  of  u  dectxHion  or  infusion, 
aiul  the  large  amount  of  water  taken  along  with  them  may  also  tend 
to  increase  tlie  urine  and  to  strengthen  the  reputation  of  the  I'cmedy. 


pREI'AnATIONS. 


Icoparii 


%nftint 


lus  (T7.  S.  P.),  Scoparii  Cacumina  (H.  P.),  the  toi»s  of  Cytisua  sco- 
ur bnjum. 

Scoparii  (B.  P.),  1-2  d.  oz. 
S-^yjtarii  (B.  P.),  1-i!  i\.  <lr». 

SutpJiag  (U.S.   P.)   (('.jH^N.HjSO,  4-4U,0),   colorless,    white 

cnntaU  with  a  salin*?  Ititter  taste,  very  ftoluble  in  w«ler  uiul  ulcuhul.     The 

'lo«n?\'<>niiii*MiiU'fl  hy  (iifTereul  ulinicmnH  iisof  beni'lit  in  hrart  (Hineaae  variei* 

IKXH-O.S  <t.  (i^j-li;  nj^,)  in  thf  cuurst'of  24  hourn.      It  may  Ix*  piven  in 

of  O.l  G.  (2  gra.)  with  perfwl  safely. 

fiM. — Broom  tops  arc  used  as  a  feeble  diuretic,  generally  in  the 
of  a  decoction  (1(1  G.  in  250  c.c.  of  water,  or  }  oz.  in  a  half  ]>int 
to  'lividwl  doH.'S  in  24  hours),  or  infusion  (B.  P.).  Sparteine  has  been 
*dviwil  iu  heart  disease,  but  is  of  no  value  here.  It  luis  als*i  bi'on 
pf^posefl  lo  pandyze  the  terminations  of  the  vagus  with  it  before 
(Ik  administration  of  chloroforni,  the  object  being  to  avoid  the  reflex 
ijii',  but  a  small  dose  of  atropine  would  be  prefenible.  It  has  also 
itcd  us  u  h>eal  anaesthetic  in  o[3hthalmology,  but  has  only  a 


from 


form 


*TDni 


ion. 


Hini.IOCJUAPHY. 


Anh.  f.  exp.  Ihilh.  u.  Pbimt.,  i.,  i*.  'M*7. 

.     Hull.  <!«•  VAct.*   I^iy.  ik'  Mi-*),  iff  lk•l|J^^  IKftT. 
QmI«»  and  Matthnct.     Arch.  f.  cjcp.  i'ttlK  u.  Pfaunu.,  xxxv.,  p.  129. 
Jtto  mmi  MtaniM.     DHd.,  ).,  p.  1. 


266  ORGANIC  DRVQS  ACTING  AFTER  ABSORPTTO^' 

XL    NICOTINE  AND  LOBEUNE. 

Nicotine,  the  well-known  alkaloid  of  tobacco  (Nicotiana  tabtf^*'  ^(g 
a  volatile  fluid,  possessing  a  strong  alkaline  reaction,  and  fonnU'_^  q{ 
with  acids,  most  of  which  are  amorphous.  It  is  a  combinati^  -J 
pyridine  with  a  hydrated  pyrrol  ring  as  shown  by  the  stru^'^*^ 
formula — 


CH 


Nicotine  is  the  only  constituent  of  tobacco  which  poBsessea  any 
toxicological  interest,  although  several  other  alkaloids  are  present  in 
comparatively  small  amounts.     It  is  accompanied  by  a  volatile  oil  in 
dried  tobacco,  but  this  is  only  developed  during  the  processes  of  pre- 
paration and  seems  to  have  no  action  apart  from  that  of  the  other  vola- 
tile oils.     The  odor  and  flavor,  and  probably  the  "strength,"  of  to- 
bacco depends  in  part  upon  the  quantity  and  quality  of  this  oil,  in  part 
on  some  products  of  the  decomposition  of  nicotine.     Absolutely  pure 
nicotine  has  comparatively  little  odor,  but  it  decomposes  when  kept, 
becomes  dark  colored  and  acquires  the  characteristic  odor  of  tobacco. 

Another  alkaloid  which  is  practically  identical  with  nicotine  in  its 
pharmacological  action  is  Piturine  (Cj^Hj^Nj),  which  is  derived  from 
the  pituri  plant  (Duboisia  Hopwoodii).  The  leaves  of  the  pituri  are 
said  to  be  used  by  the  Australian  natives  in  the  same  way  as  tobacco 
by  the  civilized  races. 

Lobeline  (CjgHjgNOj),  an  alkaloid  obtained  from  Lobelia  inflata  or 
Indian  Tobacco,  resembles  nicotine  very  closely  in  its  action,  and  may 
be  discussed  along  with  it. 

Tobacco  is  not  used  in  therapeutics,  but  is  of  great  hygienic  im- 
portance, and  nicotine  possesses  considerable  biological  interest  from 
the  results  obtained  by  Langley  by  its  use  in  physiology  in  recent  years. 
Lobelia  has  a  somewhat  restricted  field  of  usefulness  in  therapeutics, 
in  which  it  is  prescribed  in  asthma.  These  alkaloids  act  chiefly  on  the 
central  nervous  system,  the  sympathetic  ganglia,  and  the  terminations 
of  the  motor  nerves. 

symptoms. — Poisonous  doses  administered  to  man  or  other  mam- 
mals cause  a  hot,  burning  sensation  in  the  mouth,  which  spreads  down 
the  oesophagus  to  the  stomach,  and  is  followed  by  salivation,  nausea, 
vomiting  and  sometimes  purging.  The  breathing  is  quick,  deep  and 
labored,  and  is  often  accompanied  by  moist  rflles.  The  pulse  is  gen- 
erally slow  and  somewhat  weak  at  first  and  then  becomes  very  rapid, 
but  after  very  large  doses  may  be  first  accelerated  and  then  slow  and 
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feeble.  Some  mental  confusion,  great  muHCuIar  weakness,  giddincsis  and 
itsllessuess  are  followed  by  loss  of  coordinating  power  and  partial  or 
completti     nnamftciouflnefts. 


Cltioic  convulsions  set  in 
Uter^aooompanied  by  fibril- 
lary twitching  of  various 
muscles,  and  eventually  a 
Irtanic  spasm  closes  the 
sccDe  by  arresting  the  res- 
jiintioD.  In  other  instances 
oftnnilsions  are  followed 
W  p^nipletc  relaxation  of 
all  jkirts  of  the  body,  the 
refleies  disapjwar,  the  res- 
pi  ration  bi-oomcs  slow  and 
"H-eak  and  finally  ceases,  the 
»eart  continuing  to  beat 
Rjr  some  time  afterwards. 
"^(•nr  large  doses  of  nico- 
Demay  prove  fatal  \\'ithin 
few  seconds ;  the  symp- 
toms are  those  of  sudden 
raly  sis  of  the  cen  trol 
ervous  system  including 
he  respiratory  centre,  and 
o  cf.»nvulsions  are  de- 
'"•^loped. 

Iti  the  frog  the  same  ex- 
citcnw'nt  and  violent  convul- 
are  seen  as  in  niam- 
bnt   the    respiration 
*<^n  ceases,  and   there   fol- 
l 


Fia.  24. 


PUlcnim  tifthe  reKulatinti;  Dcrrcii  of  tfae  lif«rt. 

Ittirv  librcn  ari!*ing  Tii  llip  vhkua  ciiuIit  iu 


P.  Inhlb- 


OW^    a      *  CataJCptlC         stage     l<)i>K>itu  ■niMfnuliintinfturoiKKl  p:anKli<iti  fi'llii  in  tli«  auriel* 
i        1 .  I      .  .         I  ^       \A).    The  txit  cyllnd*?r^  iMuing  from  thnw  '.t'lU  t<'rriiiiniito 

WwlUCtl  tne  animal  assumes    on  the  moMuliir  fibr»a  or  the  auricle  «dJ  »cnlrlcl«(  V).     It. 

*    clinracteristic 
inc  fon?  legs  are  crossed 

'^int   f)f    the     sternum      and  *"''*'  ■"**  veotrlclo.     .V,  A"  ijflnu  at  which  *ticotine,cvni\ne, 

.  I  .    I        '  rurnrinf.  etc.,  act — the  Kaiiglinn  cell*  lurrounilt'j   l-y  the 

**^  ^S}d.    the    thighs  arc  at  l^rniinatloDi)  of  the  uervn.     M,  piiiiitx  at  wliicti  mutcarin^ 

fijL.   '       i  1  •         i*  ""*'  almpinr  ai.-t-  the  lomiitiBtinns  of  Iht!  liljnw  which  AflM 

^P^l  angles    to    the  axis  Ot  frnm  the  iutra-curdliic  gunKllR. 

*w  Inxly  and  the  legs  are 

D«od  un  them  but  arc  not  rigid.  When  a  leg  is  d^a^vn  down  it  at 
"Of*  rt*turns  to  its  original  position,  and  the  frog  still  attempts  to 
'^(te  when  it  is  arouswl,  Fibrillarv  oontraetions  are  oljsorved  in 
''**Qyof  the  muscles.  Somewhat  later,  the  reflexes  disappear,  the 
"JMcs  become  flaccid,  and  eventually  t'oui]>let('  pamlysis  occurs  from 
3  ttinira-like  action  on  the  terminations  of  the  nerves. 

Mrotine  lias  but  little  toxic  action  on  the  lowest  invertebrates,  but 
**  tiie  ner\'ous  syst+»m  logins  to  be  liitTerentint^t^l  it  causes  paralysis, 
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and  still  liigher  in  the  scale  the  paralytic  action  iB  preceded  by  a  si 
of  stimulation. 

Oirculation.  —  The  action  on  the  circulation  is  extremely  conip 
as  a  number  of  factors  are  involveil.  After  moderate  quaotitics  tHf 
heart  is  slow  and  may  stand  still  in  diastole  for  a  few  seconds,  but  iHift 
recovers  gradually  and  regains  its  former  rhythm  or  becomes  somewrlwl 
quicker.  The  slow  pulse  is  due  to  stimulation  of  the  ganglin  on  the 
vagus  nerve  (Fig.  24,  N)y  exactly  the  same  effects  being  producodi* 
by  stimulation  of  the  vagus  fibres  in  the  neck.  It  is  not  affected  tiy 
section  i)f  the  cervical  pneumogastric,  as  the  path  from  the  gaiij,^lia  to 
the  cardiac  muscle  fibres  is  still  intact,  but  on  the  other  hand,  it  i*  pr^ 
vented  by  atropine,  which  acts  on  the  extreme  terminations  of  tiieio- 
hibitury  fibres,  and  therefore  blocks  the  i>assagcs  of  impulses  fn)m  the 
ganglia  to  the  muftcle.  It  is  also  prevented  by  a  number  of  drugs,  such 
as  curara  and  coniiiie,  which  paralyze  the  ganglia. 

This  stimulation  of  the  ganglia  is  of  but  short  duration,  soon  passing 
into  paralysis,  which  obstructs  the  passage  of  the  inhibitor)'  imfMike* 
from  above.     On  stimulating  the  vagus  after  nicotine  there  ib  conse- 
quently no  slowing  of  the  heart  but  often  scmie  acceleration,  due  to  the 
fact  that  the  accelerating  fibres  running  ahnig  with  the  inhibitory  in 
the  vagus  nerve  have  no  ganglionic  apparatus  in  the  heart,  and  w 
therefore  unaffected  by  nicotine.     Although  inhibitory  impulse?  cat) 
no   longer   reach   the   heart   fmm  alwve,  tlie    intracanliac   inhilnt'iry 
neuron   is  still  intact,  and  stimulation  of  the  venous  sinus  in  the  fn^g 
still  (aiuses  arrest  of  the  heart  exactly  as  in  the  normal  animal.    The 
stimulating   current  here  reaches  the  inhibitory  nerves  beyond  tht 
paralyzed  ganglia  (Fig.  24,  A'),  and  these  preserve  their  usual  irriu- 
bility.     Ill    the    same    way   a    numlH?r   of   poiwons  which    act  tipoQ 
the  extreme   terraiiiatious  of  the  inhibitory  fibres  in  the  heart  rankle   ^ 
(Fig.  24,  M)  can  slow  the  rhythm  even  after  the  ganglia  have  bc*;n    I 
paralyzed  by  nicotine  ("see  the  Pilocarpine  and  Muscarine  group).    Tli«  I 
results  of  the  .stimulation  an<l   subsequent  paralysis  of  the  ganglionic  j 
structures  on  the  inhibitory  fibres  by  uiwitine  are  the  preliminary  «lo«-  \ 
iug  and  subsequent  slight  acceleration  of  the  heart  rhythm  seen  iuboth 
cold-  and  warm-blooded  animals      In  larger  doses  nicotine   produ^*^  \ 
no  slowing  of  the  heart,  owing  to  the  ganglia  being  paralyzed  iini"'*" 
diately,  without  previous  stimulation. 

In  addition  to  its  action  (m  the  peripheral  inhibitory  ganglLa,  ni*^*^ 
tine  seems  lo  stimulate  the  vagus  centre  in  the  medulla,  as  the  Ao'^' 
ing  is  greater  when  the  vagi  are  intact  than  when  they  are  divid^ 
Rut  ajiart  fn)m  this  action  on  the  inhibitory  apparatus,  nicotine  pt^ 
sesscs  some  direct  action  on  the  heart  muscle,  which  ajtpcars  to  be  fi^** 
stimulated  and  then  depressed.  Accordingly,  when  the  inhibitory  appa- 
ratus has  Iwen  previously  paralyzed,  moderate  quantities  increase  th**. 
rate  of  the  he:irt  beat  considerably,  while  very  large  ones  slow  bOhJ 
M-eBik<'u  it.  It  has  beim  hup|>oslh1  that  this  ((ui<*keniug  is  due  ti»  actitta 
on  the  acc<'ler:itor  cfnti-c^  or  ou  the  g:ingliii  t>ii  the  course  of  tlie  sym- 

tills  seems  not  to  ' 


pull 


(.V,  Fig.  24), 
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B,  for  Wertheimer  found  the  acceleratiun  cnntinue  even  after 
in  of  thpse  ganglia.  The  quickening  miint  be  attributed 
r  wholly  to  action  on  the  cartliac  niUK:lc,  or  on  the  termiua- 
le  accelerator  nerves  in  it.  The  subsequent  slowing  and  weak- 
idouhteilly  due  to  a  puralyzing  action  on  the  ninncie  it.*ielf. 
r  iujcction  of  nicotine  into  a  vein  or  subeutaneounly  an  im- 
gmentation  of  the  arterial   tension  occurs ;  this  may  be  due 

htinuilation  of  the  vaso-coustrictor  centre  in  the  nietluUa,  but 
BeriU?<l   chiefly  to   peripheral   influences,  for   it  has  been   ob- 

ipr  section  and  even  af^r  total  removal  of  the  npitial  cord. 
«ODtftrict<ir  nerves  pass  tlirough  ganglia  on  their  way  to  the 
id  the  rise  of  the  blood-pressure  seems  to  be  mainly  causml 
ulation  of  these  g:knglia. 

Btriction  of  the  vefwela  can  be  observed  in  many  parta  of  the  body 
ry,  foot,  rabbit's  ear,  etc.  In  these  parts  the  pallor  produced  by 
ring  of  the  vesM.*ls  is  fulluwed  by  reduce  and  congestion  owing  to 
reid  of  the  f^uglia.  and  at  the  same  tinit*  the  prc»*uru  falls  to  a 
what  beh>w  tht'  normal.  In  some  parUi  of  the  body  no  eon^tric- 
t  veswelH  occurs;  for  example,  tlie  dog's  lip  and  mouth  are  con- 
t  and  then  iKxrome  pale.  This  flushini;  sccuis  partly  due  lo  the 
D  of  t!»e  ganglionic  ui>paratn»>  on  the  va-sonHIator  fibre's  for  these 
cannot  be  wholly  <*xplained  thus,  for  it  occurs  also  after  removal 
frior  cer\-ical  f:^an|c;1toTi,  alth<»U]Erh  to  a  less  marked  degi-ee.  It  may 
ie  caused  iu  part  by  direct  actiou  on  llic  vesseht. 

\  few  minutes  the  blood-pressure  falls  to  the  normal  level  or 
&a  second  injection  again  pro<lucesa  i^itnilar  ri.sc  in  the  arterial 
mless  the  first  was  large  enough  to  paralyze  the  ganglia. 
T  nicotine  lowers  the  blood -pressure  owing  to  the  weakening 
the  heart. 

Elm.  —  The  respiration  is  nt  first  rapid  and  shallow  with  some 
in  the  expiratory  movements,  but  after  a  time,  while  main- 
B acceleration,  it  bec<uueH  doej>cr.  It  is  liable  to  l>c  interrupted 
age  by  the  convulsions,  but  if  these  do  not  prove  fatal,  it 
becomes  slower  while  remaining  deep.  Lat*>r,  pau.ses  in  the 
'expiration  appear,  and  the  movements  become  weaker  until 
>pear.  the  animal  dying  of  asphyxia.  The  rnpid,  shallow 
bB  in  the  beginning  ni'  the  intoxication  arc  absent  in  nnitnals 
the  pneumogastrie  nerves  liavc  been  previously  divided,  so 
phenomenon  appears  to  l>e  <hie  to  the  alkaloid  acting  as  an 
i  the  pulraonar)'  branches  of  the  pneumogastric.  The  later 
PC  caused  by  its  acting  on  the  respiratory  centre  directly,  first 
K  and  then  paralyzing  it.     After  large  dosea  this  direct  action 
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and  still  higher  in  the  scale  the  paralytic  action  is  preceded  by  a  stags 
of  stimulation. 

Oirciilation.  —  The  action  on  the  circulation  is  extremely  oomp^c^ 
as  a  number  of  factors  are  involved.  After  moderate  quantities  the 
heart  is  slow  and  may  stand  still  in  diastole  for  a  few  seconds,  bat  then 
recovers  gradually  and  regains  its  former  rhythm  or  becomes  somewhat 
quicker.  The  slow  pulse  is  due  to  stimulation  of  the  ganglia  on  the 
vagus  nerve  (Fig.  24,  N),  exactly  the  same  effects  being  produced  as 
by  stimulation  of  the  vagus  fibres  in  the  neck.  It  is  not  affected  by 
section  of  the  cervical  pneumogastric,  as  the  path  from  the  ganglia  ^ 
the  cardiac  muscle  fibres  is  still  intact,  but  on  the  other  hand,  it  is  pre* 
vented  by  atropine,  which  acts  on  the  extreme  terminations  of  the  in- 
hibitory fibres,  and  therefore  blocks  the  passages  of  impulses  from  the 
ganglia  to  the  muscle.  It  is  also  prevented  by  a  number  of  drugs,  such 
as  curara  and  coniine,  which  paralyze  the  ganglia. 

This  stimulation  of  the  ganglia  is  of  but  short  duration,  soon  passing 
into  paralysis,  which  obstructs  the  passage  of  the  inhibitory  impulses 
from  above.  On  stimulating  the  vagus  after  nicotine  there  is  conse- 
quently no  slowing  of  the  heart  but  often  some  acceleration,  due  to  the 
fact  that  the  accelerating  fibres  running  along  with  the  inhibitory  in 
the  vagus  nerve  have  no  ganglionic  apparatus  in  the  heart,  and  are 
therefore  unaffected  by  nicotine.  Although  inhibitory  impulses  can 
no  longer  reach  the  heart  from  above,  the  intracardiac  inhibitory 
neuron  is  still  intact,  and  stimulation  of  the  venous  sinus  in  the  frc^ 
still  causes  arrest  of  the  heart  exactly  as  in  the  normal  animal.  The 
stimulating  current  here  reaches  the  inhibitory  nerves  beyond  the 
paralyzed  ganglia  (Fig.  24,  X),  and  these  preserve  their  usual  irrita^ 
bility.  In  the  same  way  a  number  of  poisons  which  act  upon 
the  extreme  terminations  of  the  inhibitory  fibres  in  the  heart  muscle 
(Fig.  24,  M)  can  slow  the  rhythm  even  after  the  ganglia  have  been 
paralyzed  by  nicotine  (see  the  Pilocarpine  and  Muscarine  group).  The 
results  of  the  stimulation  and  subsequent  paralysis  of  the  ganglionic 
structures  on  the  inhibitory  fibres  by  nicotine  are  the  preliminary  slow- 
ing and  subsequent  slight  acceleration  of  the  heart  rhythm  seen  in  both 
cold-  and  warm-blooded  animals.  In  larger  doses  nicotine  produces 
no  slowing  of  the  heart,  owing  to  the  ganglia  being  paralyzed  imme- 
diately, without  previous  stimulation. 

In  addition  to  its  action  on  the  peripheral  inhibitory  ganglia,  nico- 
tine seems  to  stimulate  the  vagus  centre  in  the  medulla,  as  the  slow- 
ing is  greater  when  the  vagi  are  intact  than  when  they  are  divided. 
But  apart  from  this  action  on  the  inhibitory  apparatus,  nicotine  pos- 
sesses some  direct  action  on  the  heart  muscle,  wliich  appears  to  be  first 
stimulated  and  then  depressed.  Accordingly,  when  the  inhibitory  appa- 
ratus lias  been  previously  paralyzed,  moderate  quantities  increase  the 
rate  of  the  heiirt  beat  considerably,  while  very  large  ones  slow  and 
weaken  it.  It  lias  been  supposed  that  this  quickening  is  due  to  action 
on  the  acceler.itor  centre,  or  ou  the  ganglia  on  the  course  of  the  sym- 
|Hithetic  accelerator  fibres  (iV,  Fig.  24),  but  this  seems  not  to  be  the 
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secretion  Is  found  to  be  markedly  increased,  as  also  the 
TL'liim  of  the  bronchial  mucous  glands.  The  urine  and  bile  have 
t  Ik^ii  hhowu  to  be  affecled  by  nicotine,  and  im  thi-ir  secretion  does 
not:^'Ctu  to  be  so  dependent  upon  nervous  influences,  it  is  probable 
tliat  it  it;  but  little  changed  in  amount. 

Nicotine  produces  extreme  Nausea  and  Vomiting  when  taken  even 
10  comparatively  small  quantities,  a  fact  which  is  generally  recognized 
by  tvnw  in  smoking.  This  may  be  in  part  central  in  origin,  l»tit  is 
mainly  due  to  the  powerful  contractions  of  the  stomach  walls.  Tiiis 
onntraction  extonds  throughout  the  intestinal  tract,  so  that  repeated 
Eraoution  of  the  Bowel  occurs. 

Sominvliut  larger  quantities  may  lesid  to  a  tetanic  c<intractii»n  nf  tlic 
whole  intestine  with  alnnwt  H^nplete  obliteration  of  tlip  lumi-n.  Tlii^ 
ctaggemtion  of  the  peristaltic  contractinn  is  probably  due  to  stiniulti- 
tintidf  the  mot»»r  nervous  apparatus  in  the  intestinal  wall,  and  a  Hubse- 
queiU  paralysis  of  these  strurtnres  lesuls  to  a  failure  of  liM-al  ntimnli  to 
inilmv  jKTistalsis.  A  further  cffi-ct  of  nicotine  in  the  bowel  is  due  to 
ils  rtlnmlating  the  ganglia  on  the  fibres  of  the  splanchnic  which 
mbibit  the  rhythmical  pendulum  movements.  These  are  arresteil  by 
the  injection  of  niet>tine,  but  rotum  in  exaggerated  form  as  the  gan- 
glionic stimulntion  |iasses  into  panilysis.  The  mesenteric  vessels  are 
naiT<)wed  at  first  fitmi  .stimulation  of  the  ganglia  on  the  roiirse  of  the 
Vtt«i(>-coni5trictor  nerves,  but  congelation  follows  the  depression  of  these 
gaoKlta  and  the  confluent  fall  in  hloml-pressnre. 

Similar  changes  are  pnxluccd  by  nicotine  in  the  bladder  and  uterus, 
brth  111'  which  are  thrown  into  tetanic  eitntraction.     The  urine  is  ihere- 
»Mre(?x|Hflle<l  vt*ry  s^Mjn  after  tln^  injection  tff  nicotine,  and  this  pnibably 
gave  rise  to  the  erroneous  view  that  the  renal  secretion  was  increased. 
Tlie  action  of  nicotine  on  the  Pupil  varies  in  ditferont  animals,  for 
vfailein  the  cat  and  dog  ils  application  either  intravenously  or  locally 
]>tT)daoe3  marked  but  transitory  dilation,  in   the   rabbit  partial  con- 
^riciion  sets  in  imniediately.     In  cases  of  acute  poisoning  in  man  con- 
traction is  generally  schju  at  first  and  is  followed  by  dilatation.     In 
bipis  nicotine  causes  very  marked  coiitractitm  of  the  pupil,  apparently 
«wing  to  direct  action  on  the  muscles  of  the  iris.     The  size  of  the  pupil 
w  ffpilated  by  two  sets  of  nerves,  the  motor  ocnli  and  the  sympathetic, 
iftd  the  ciliary  fibres  of  lK>th  of  these  arc  interrupted  l»y  ganglia  in 
theif  lassage  from  the  brain  to  the  iris,  those  of  the  motor  oculi  by  the 
ciliirjr  ganglion,  those  of   the  sympathetic  by  the  ftup'ri4)r  cervical 
Wifjiion  (see  Fig.  26,  p.  287) ;  the  var^'ing  effects  of  nicotine  may 
l<daeto  its  stimulating  the  one  ganglion  more  strongly  in  one  species 
of  animals,  the  other  in  another.     It  is  found,  however,  that  atro- 
pine docs  not  remove  the  effects  of  nicotine  on  the  rabbit's  eye,  which 
^Ttikl  seem  to  indicate  an  action  on   the  muscular  fibres  of  tlie  iris. 
iral  other  effects  ou  the  orbital  muscles  are  seen  ;   thus  in  cats 
-dugs  the  nictitatiug  membraue  is  withdruwUj  the  eye  opens  and  is 
ttlVectcd  forwards,  while  in  the  rabbit  these  symptoms  are  preceded  by 
ttJitage  in  which  the  nictitating  membrane  is  spread  over  the  cornea 
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and  the  eye  is  tightly  closed.     These  are  probably  produced  by  acuoo 
on  the  superior  cervical  ganglion. 

Nicotine,  then,  first  stimulates  and  later  paralyzes  all  the  8yinp>^ 
thetic  Oanglia,  whether  applied  locally  to  them  or  injected  into  the  (^ 
culation.  In  these  ganglia,  the  characteristic  formation  is  the  basket- 
like arrangement  of  the  terminations  of  the  entering  nerve,  which 
surround  a  large  nerve  cell  from  which  an  axis  cylinder  runs  to  the 
muscle  or  secretory  cell.  A  nerve  impulse  from  the  central  nervonfl 
system  passes  from  the  basket  to  the  cell  and  thence  to  the  peripheiy- 
Langley  has  recently  sliown  that  small  quantities  of  nicotine  stimulate 
the  cell  of  the  peripheral  neuron,  for  the  same  effect  is  obtained  from 
the  application  of  the  poison  to  the  ganglion  whether  the  basket-like 
terminations  round  the  cell  are  normal  or  have  degenerated.  Tlus 
renders  it  probable  that  the  paralysis  of  the  ganglia  observed  from 
larger  quantities  of  nicotine  is  also  due  to  action  on  the  cell  and  not  on 
the  terminations. 

In  the  frog  nicotine  produces  fibrillary  contraction  of  the  muscles, 
which  is  not  prevented  by  previous  division  of  the  nerves  leading  to 
them,  but  disappears  on  the  injection  of  curara  ;  on  the  other  hand,  the 
paralysis  of  the  motor  terminations  by  curara  may  be  partially  removed 
by  small  quantities  of  nicotine.  This  indicates  that  the  fibrillary  con- 
tractions arise  neither  from  action  on  the  central  nervous  system  nor 
on  the  muscle  itself,  but  from  stimulation  of  the  terminations  of 
the  motor  nerves.  These  terminations  are  subsequently  paralyzed  if 
the  quantity  injected  be  large  enough.  In  mammals  the  twitching  of 
the  muscles  is  prevented  by  section  of  the  nerves,  and  is,  therefore,  due 
to  central  action,  but  large  quantities  of  nicotine  cause  paralysis  of  the 
nerve  ends  exactly  like  curara.  The  nerves  of  the  orbital  muscles  are 
found  to  be  paralyzed  sooner  than  those  of  the  rest  of  the  body. 

Nicotine  does  not  seem  to  act  on  MuBcnlar  Tissne  in  general, 
although  some  obscure  symptoms  have  been  ascribed  to  changes  in  the 
cardiac  and  iris  muscle. 

The  convulsions  seen  in  both  cold-  and  warm-blooded  animals  evi- 
dence the  influence  of  nicotine  on  the  Central  Kervous  System.  The 
spinal  cx>rd  is  thrown  into  a  condition  of  exaggerated  irritability,  and 
the  reflexes  are  correspondingly  increased,  but  the  convulsions  do  not 
seem  to  be  due  so  much  to  the  spinal  cord  as  to  the  medulla  oblongata 
and  hind  brain,  for  they  are  not  tonic  but  clonic  in  character,  and  are 
much  weaker  after  division  of  the  cord  immediately  below  the  medulla 
than  in  the  intact  animal.  The  medullary  stimulation  also  betra3r8 
itself  in  the  rapid  and  deep  respiration,  and  is  perhaps  in  part  respon- 
sible for  the  inhibitory  slowing  of  the  heart  and  the  rise  in  the  blood- 
pressure.  The  higher  centres  in  the  brain  seem  to  participate  but 
little  in  the  stimulant  action  of  nicotine,  which  is  short-lived,  and 
soon  gives  way  to  marked  depression  of  the  whole  central  nervous 
system,  manifested  in  the  slow  respiration,  the  low  blood-pressure,  the 
disapi>earance  of  the  reflex  movements  and  the  final  unconsciousness. 

The  Excretion  of  nicotine  is  probably  carried  on  mainly  by  the 
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kitinejs,  for  it  \»  found  m  the  uriue  verj-  K<H>n  arter  it  enters  the  Ij1»mk!. 
hbualao  Ikeeti  detected  in  the  saliva  and  perspiration.  It  has  been 
(liovn  rppeatodly  timt  nicotine  and  some  other  alkaloids  are  weakenwl 
in  tnrir  I'tftN'i  or  rendered  entiivly  iuaotive  by  being  mixed  with  an 
rxirrt  of  the  liver  (»r  of  the  snpnirenal  capsules;  but  no  satisfact<jry 
r\planatii)U  i.-*  tbrthconiin^,  though  there  in  every  reason  to  mip^xise 
ilat  iniirh  of  the  nieotine  absorbwl  from  tlie  stomach  and  intestine  is 
ilii«  iiiotlifiod  in  it>*  passage  through  the  liver. 

WUhi  small  quantities  of  nieotine  are  ingt^^^tod  rc|)eatedly,  the  hotly 
^-'Mi  piins  n  certain  Tolerance,  and  no  .symptoran  whatever  are  pro- 
(iiic«l  by  doses  which  would  in  ordinary  ca-ses  produce  grave  poijjon- 
ia(r.    A  familiar  example  of  this  tolerance  is  seen  in  the  practice  of 
V  ii:;.     The  fipat  iiae  of  tobacco  Is  in  the  girat  niaj(»rity  of  indi- 
.  .J-  fi)ll(iw-e<l  by  vomiting  and  depression  which  may  even  amoimt 
k)  «>llttpsi%  but  after  a  few  experien«»»  no  symptoms  follow  smoking, 
owi'n^  to  the  celU  of  the  U>dy  l>coomtag  t*>lerant  of  the  |>oison.     In 
siinn'  individuals  no  wich  tideninw  is  <levelojHMl,  and  in  every  c;ise  the 
tiilcnince  i?*  much  more  limite<J  ami  more  difficult  tu  actjuiiv  than  that 
Ctr  morjiliieie.      In   animal   exiK'rinicnts   it    is   often   found   tliat   while 
tme  aftplii^tion  of  niei>tine  pr(xlu(*es  contiiderahle  ganglionic  Htimula- 
tioii,  the  s*-«*«»nd  has  much  less  effect.     This  is  prolmbly  due  n<it  to  the 
e»tildiphment   of   tnlerance,    but   to    the   first  dose  having    produced 
prinwry  stimulation  and  then  depression  of  the  pmglia,  this  depression, 
while  not  amounting  to  ei>mplete  paralysis,  U*ing  suificient  to  counter- 
act in  Inline  extent  the  stimulant  action  of  the  second  injection. 

Vicotine  and  Pitnrino  are  not  used  in  therapeutics.  Tobacco  was 
formerly  eraployetl  in  the  reduction  of  intestinal  hernia,  and  for  thin 
parptMo  was  injected  into  the  rectum  in  the  form  of  an  infusion.  Spv- 
'prvl  cftses  of  poisoning  and  the  iutrodut^tion  of  general  auuisLhesia  led 
to  its  disuse. 


Tobacco. 

Tobocsnp  had  l)een  in  U!W  among  the  alrarlginal  tribes  of  America 

•forv  they  U'wone  known   to  civilization.      It  was  introtluceil  into 

^^n»p«^  s»K>n  after  the  disc^ivery  of  America,  and  its  use  as  an  article 

»f  luxury.  I>rgiuning  in  England,  soon  spread  to  the  continent,  and  in 

i«ai  bulls  and  numerous  efforts  on  the  part  of  the  secular 

,   Ims   eonlinued  to  enthral   a   considerable  |>ortion  of  the 

in  race.     The  most  widespread  ns«M)f  tolmcrt> — smoking — is  also 

nWKl  ancient  one,   having  been   that  of  the  aboriginal   Indians. 

taking,  intriMhiccil  by  Francis  II.  of  France,  remained  fashion- 

I'Mig  time,  but  is  now  almost  obsolete.     Tobacco-chewing 

'    mwlem   development,  but   shows  no  signs  of  abatement. 

"urioifiilv  enough,  the  leaves  of  the  pitiiri   plant,  whieh,  as  has  btH?u 

nttonod.  contain  an  alkaloid  nearly  allied  to  nicotine,  are  formed 

ti  a  maKs  and  chewed  by  the  natives  of  Australia.     In  smoking, 

or  chewing,  nicotine  is  absorbed.     It  has  been  stated  and  Uie 
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statement  has  received  an  undeservedly  wide  circiilaticmf  that  tiilnm 
smoke  contains  no  Dlcotine  but  merely  the  products  of  it^  decomposi- 
tion ;  l)Ut  u-s  a  mailer  of  fact,  tobacco  smoke,  whether  from  cigars  «r 
pipes,  contains  a  certain  amount  of  the  alkaloid  itself,  along  with  pyri- 
dine and  many  of  its  compounds.     The  amount  of  nicotine  in  tobacco 
smoke  cannot  be  definitely  stated,  as  it  depends  on  the  kind  of  tobacco, 
as  well  as  on  the  way  in  which  it  is  inhaled :  but  only  a  small  pr>  i^ 
tion  of  that  contained  in  tobacco  passes  over  in  the  smoke.     In   . 
the  nicotine  is  generally  small   in  amount,  while  in  chewing  tobacco 
there  is  generally  a  varying  amount  of  foreign  matter,  such  as  molafflc*. 
The  enjoyment  derived  from  the  use  of  tobacco  has  never  been  I'X- 
plained,  and  it  is  not  even  proved  that  nicotine  is  essential  to  the 
pleasurable  results ;   consideration  of  the  pharmacological  effects  of 
nicotine  gives  no  clue,  for  these  are  of  the  opposite  nature.     It  li»s 
been  suggested  that  smoking  gives  repose  and  thereby  improves  intel- 
lectual work,  but  this  is  denied  by  many  habitual  smokers.     It  ha^ 
also  been  statetl  aud  denied  that  the  mental  energy  is  reduced  by  tb^ 
use  of  tobacco,  aud  an  attempt  has  been  made  to  demonstrate  this  by 
measuring  the  amount  of  work  done  with  and  without  tobacco;  but 
investigators  are  not  agreed  on  the  results,  which  probably  c]ei>cntl 
largely  upon  the  individnal.     One  fact  is  certain,  that  the  tobacco  hiiliit 
cannot  be  comparetl  with  tlic  use  of  such  drugs  as  morphine,  c" 
or  alcohol,  for  it  is  not  taken  with  the  purpose  of  producing  stimu 
or  depression  of  the  central  nervous  system,  and  it  seems  douUfal 
whe.ther  the  nicotine  onlinarily  absorbed  really  has  any  action  whatso- 
ever.    Perhaps  the  local  effects  on  the  mouth,  nose  and  throat  play  * 
lai^er  part  in  the  efferts  (»f  tobacco  than  is  generally  recognized,    -**■ 
certain  amount  of  rhythmic  movement  demanding  no  exertion  seciti^ 
in  itself  to  have  a  soothing,  pleasure-giving  effect,  for  it  is  otberwi^^ 
impossible  to  explain  the  satisfaction  enjoyed  by  many  in  cbeviu^^ 
tasteless  objects,  such  as  gum  or  straws,     A  curious  fact  which  teoJ-^^^ 
to  show  that  tol)acco  smokitig  is  not  carried  on  for  tlie  sake  of  th^^ 
nicotine  absorbed  is  that  the  pleasure  derived  from  a  pipe  or  cigar  i^^ 
aUjliHlied  for  many  persons  if  the  smoke  is  not  seen,  as  when  it  is 
smoked  in  the  dark. 

MoHt  people  may  indulge  in  the  moderate  use  of  tobacco  for  many 
years  with  perfect  impunity,  hut  its  excessive  use  is  followeii  in  many 
individuals  by  a  number  of  symptoms,  some  of  them  trivial,  others 
indicating  grave  changes  in  important  organs. 

One  of  the  (commonest  etlects  of  overindulg^mce  in  tol>acco  is  a  chronic 
inflammation  of  the  throat  and  upper  parts  of  the  respirator^' jwssages, 
leading  to  hoarseness  and  excessive  secretion  of  the  mutstus  glands. 
This  is  cxplaiued  by  the  constant  application  to  the  throat  of  au  irri- 
tant, alkaline  vapor,  and  is  probably  not  due  to  the  specific  action  of 
nicotine.  A  .simiUir  irritated  condition  of  the  tongue  is  frequently  met 
with,  more  especially  when  the  hot  vapor  is  directed  cs(>eeially  on  one 
|»art,  a-**  i"  P'l*^'  •'^i"<»king,  and  it  is  sometimes  stated  that  the  oonstxmt 
irritation  thus  produced  renders  the  tongue  aud  lip  more  liable  to  can- 
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wpms  tliswwo.  Dyspepsia,  want  of  appetite,  and  canHe(iut>nt  loss  of 
Hah  may  al^  b«  explained  by  tlie  loiul  irritation  produced  by  the 
niffltine  swallowed  in  the  saliva.  A  common  result  of  the  abuse  of 
tfibipc*)  is  palpitatiftn  and  irregularity  of  the  heart,  which  has  l)een 
attrihuitfl  to  elian|>es  in  the  inhibitory  mechanism.  Another  import- 
ant ^Tmptom  is  dimness  of  vision,  especially  for  cf)^!',  and  imperfect 
lonimmodation,  which  may  go  on  to  complete  bliudnei^s  in  one  or  both 
eyw.  In  early  cases  ihe  retina  often  appears  pale,  and  if  the  condition 
ptrreisU,  atrophy  of  tlte  optic  uerve  may  result,  probably  following  on 
degenerative  changcsi  in  the  ganglion  cells  of  the  macular  region  of  the 
rrtina.  The  hearing  is  said  to  be  affected  by  excessive  smoking,  but 
tbe  symptoms  are  indistinct  and  variable.  Nervous  symptoms  such  as 
iretnur,  exaggeration  of  the  reflexes,  headache  nnd  giddiness  are  some- 
limes  developed  in  workmen  iu  tobacco  factories,  but  they  do  not  seem 
tn  be  induced  by  smoking  or  chewing  tobacco,  though  depression,  muscu- 
lar weakness  and  giddiness  are  sometimes  complaineil  of.  In  the  great 
Bujority  of  cases  of  chronic  tobacco  poisoning,  the  symptoms  disappear 
m  iil)audoning  the  habit,  or  even  on  restricting  the  daily  eonsump- 
lion.  A  series  of  subjective  and  even  objective  symptoms  are  said  to 
l)c  induced  in  neurotic  subjects  by  the  sudden  withdrawal  of  tobacco. 
Enwer  has  recently  stated  that  clironic  nicotine  poisoning  in  animals 
mdiKvd  marked  disturlxmce  of  the  heart,  and  that  degeneration  of  the 
^>pw  fihres  are  reoignizable  histologically  ;  changes  have  also  been 
i"Uii(|  in  the  nerve  cells  of  the  spiual  oftnl  and  sympathetic  ganglia 
*^il«r  to  those  dei:K!ribed  under  chronic  alcoholic  poisoning. 
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Lobeline. 

^►beJiae  {C^^H^yO^),   the  alkaloid  of  Ijobfiiii  iiiflrita  or   Indian 
youfloco,  (loaacsses  almost  exactly  the  same  action  as  nicotiue  (Edmuuds). 

Pbepakations. 

lobeJit  (U.  a  P.,  B.  P.),  the  leaves  and  tops  of  Lobelia  in6ata,  U.  8.  P.,  the 
Ir>*^l  lirrb,  Ji.  P. 

FfuUhrtmrtuin  IMetur.  (U.  9.  P.),  0.06-0.3  o.c.  (l-Smins.). 
rtnrfura  Ia^cIup  (U.  S.  P. ),  0. 6-4  c.c.  (10-tiO  mind.). 
TiucUm  Uhelia  j&hcrea  (B.  P.),  &-16  mins. 
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Therapeutic  TTses. — Lobelia  wa^  fonnerly  used  as  an  emetic,  but  is  exceed- 
ingly depressant  and  unreliable,  and  if  vomiting  does  not  occur  is  liable  to  ^ve 
rise  t(>  the  most  alarming  symptoms  of  poisoning.  The  only  condition  in  which 
it  is  now  usi'd  at  all  is  spasmodic  asthma,  which  appears  to  arise  from  parox- 
ysmal contraction  of  the  bronchial  muscles.  Its  action  certainly  supporta  this 
use  of  the  plant,  hut  porliups  it  aids  in  these  conditions  as  much  by  the  increased 
secretion  of  the  mucouH  nienibranes  owing  to  the  nausea  as  through  its  action 
on  the  motor  ner\'es  of  the  bronchial  muHcles.  Its  effects  must  be  carefully 
watched,  as  the  preparations  neem  to  vary  in  strength,  and  numerous  alanuiog 
symptoms  and  even  fatal  results  have  followed  ite  use. 
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Xn.    THE  ATBOPINE  SERIES. 

The  atropine  series  contains  a  number  of  very  closely  allied  alka^ 
loids,  of  which  the  chief  are  Atropine^  HyosGyandne  and  Ilyoacin^  or 
Scopolamine,  They  are  found  in  several  plants  of  the  Solanacece  order, 
and  in  most  cases  several  of  them  occur  together. 

Atropine  may  be  broken  up  by  the  action  of  alkalies  into  aa  alka- 
loid, Tropine.j  and  Tropic  Add.  The  former  is  a  pyridine  compound 
very  closely  allied  to  Ecgonine  (see  cocaine)  as  may  be  seen  by  its 
structural  formula,  while  the  latter  is  an  aromatic  acid. 

Atropioe. 


Tropine  radicle.  Troptc  acid  radicle. 

PH^  —  CH CHj 

N{CHj)  CHO  -  CO  -  CU  -  CjHj 

^-CH CHj  CHjOH 

Atropine  and  hyoscyamine  are  isomers,  and  in  fact  atropine  has 
recently  been  shown  to  be  raceraic  hyoscyamine.  That  is,  atropine  is 
a  loose  combination  of  hyoscyamine  with  another  isomeric  body, 
dextn)-hyoscyannne,  which  differs  from  the  ordinary  or  la;vo-hyoscy- 
aininc  in  the  direction  in  which  it  rotates  a  ray  of  polarized  light. 
The  combination  of  these  two  hyoscyaniiues  to  form  atropine  exists 
only  in  the  solid  stiite ;  as  soon  as  atropine  is  dissolved  it  separates 
into  otpial  quantities  of  dextro-  and  la;vo-hyoscyamine.  The  action 
of  atropine  is  thus  com|)OUuded  of  the  action  of  tliese  two  bodies, 
which  differ  very  greatly  iu  their  pharmacological  effects,  although 
they  are  alm<tst  identical  in  their  reactions  to  chemical  reagents.  Hyos- 
cyamine is  very  reiidily  changccl  to  atropine,  and  this  generally  occurs 
to  a  large  extent  in  the  process  of  extraction  from  the  plants. 

Si'opoffitiiine  (hyoscine)  was  formerly  su]>posed  to  Ix;  another  isomer 
of  atropine,  but  has  lately  i)cen  shown  to  differ  slightly  in  its  formula, 
which  is  C,JI.,^X(),.  It  is  very  closely  allitnl  to  atropine,  and  is 
decomposed  into  tropic  acid  and  ScopoliiH-  {(hv'me),  ^^hich  was  formerly 
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*ii|i|inA«l  to  l)e  inomcric  with  tropiue,  hiit  lias  l)ocn   nliown  to  diffci* 
fntm  il  in  the  niintl>er  of  hydnt^n  aiul  oxygtrn  atornH. 

i  iiiimltfr  of  otbiT  nlkaloitN  have  Inxn  dtscriln'il  in  tliflerfnl  pliuits,  jrt'iMTally 

•Mviaird  witii  one  or  more  of  those  .ilready  [iientioneO.      Hut  on  exmiiiiiiiti<iD 

ll)w  Imvc  pcnfrally  prov*^!  U*  lie  mixture**  of  atropine,  hyow  yamine  and  hyon- 

riiK.    TliUfl  llir  OuttoiMinr  nf  ntilioislii  niyo(M)roidc»,  ibe   Mitnthntprine  of  Alan- 

Jra^im  iMiLDflruke)  iind  the  /)afurine  of  Datum  ftramoiiiuiii  huve  nil  (ailed  to 

ouiiniiiin  ilieir  |^M_>»>i(i*iii   uh  new    hiunee  and   have  pmved  to  be  niixture.-*  of  the 

wtAbiUbrd  alkuldid.-*  in  varyiujr  proporlionK.     Afropnmine,  n  new  alkaloid  found 

(rt- Hr^c  in  MiKii-  spoeie?)  of  Hellad<innn.  diflem  wli^'htiy  in  formula   from  atro- 

f-''  'ticb  il  may  b**  formed  hy  the  application  nf  heat ;  it  if*  deenniposed 

II'  iMi-e  which    in   i;*omerie   with   tropine,  hut  which  ditters  fnim  it  in 

•  iind  wideh  ha*  Itcen  called  i^-lropine.     Atmpamirie  is  isomeric  hut 

o*-  with   Brffiidomtinr,  which  is  a  compound  of  yet  another  itwiraer  of 

tffiiit,  iMiitifropinr.      iitetnlo-h\jo*cy(iminf    is  Raid  to  dtfTer  fmm   atropine  and 

liTtMiMiutiinf  in  mime  of  its  clieinical   relations,  hut  han  not  been  the  subject  of 

mocb  »nrk  as  yet.      Afnpvhie  h  iwimeric  with  Mopolumine,  imd  the  same  rula- 

U<»o  appcunt  to  rxirt  iwtweon  ihem  ax  between  fttrojtine  and  hyoacyaniine. 

Ader  atropine  had  Won  found  to  be  n  con)t>oi)nd  of  tropine  and 
tropiv  nvid,  a  number  of  other  acids  were  attached  to  tropine  in  the 
£  tropic  acid.  These  artificial  alkaloids  are  known  ati  7)'o- 
in  action  n^semble  atropine  in  some  points  while  differing 
fiom  it  in  others.  Further  study  of  the  action  of  these  tropeines  ib 
emwidingly  desirable,  and  promises  to  l>e  of  considerable  value  in 
pnctical  tlivnipcutics.  The  only  artificial  tropcine  which  has  as  yet 
hetn  tiscd  in  medicine  is  tlie  com|v)und  of  tropeine  and  oxytduic  acid 
known  as  Ilomnintplnr,  Sropofrin^n  have  been  formcfl  by  bubstitiitiug 
other  fleidrt  for  the  tn>pi<'  acid  of  scopolamine,  but  none  of  them  has 
prrived  of  value  in  thera|>«^aties  as  yet. 

It  tniL^  \tc  undeT^to4»d  that  the  combination  of  tropine  ami  its  allies 
with  iropie  acid  doe**  not  [mrtake  in  any  way  of  the  natnreof  the  com- 
itioo  of  an  ordinaiy  alkaloid,  such  as  morphine,  with  an  acid.  The 
is  the  rauelt  closer  one  swn  in  the  eomjKmud  ethers,  and  the 
itmilting  mibi^tanco  \s  alkaline  and  combined  with  acids  to  form  salts 
rxBTtly  a»  other  alkaloids  do. 

Tl»r  chief  platits  e«»ntainin^  these  alkaloids  are  the  following: 
Atn»|Ri  Rflladonim  (Dciidty  nightshade),  containinLT  varying  (jiiantitieH 
of  liyitr^-ymninc  and  ttit-vpinCj^  hyoscine,  and  sutnettnies  utru|t:iD]ine  and 
beUadonnine. 

IT  .iiitt-s  ni^er  (Henbane),  containing  htfiisctfiunine  and  hiffmcine, 

wii:  r  qnnntities  of  ntropine. 

lidiiini  Stninmnium  (Thorim|tple),  containing  airopine^  hymcyammf, 
■imI  •<iroc  hro}icine. 

^.*T  !*■-»  impttrtiLnce  ore: 

I'  "iroidrft.  eontaininp  hyoflcine  and  hyofM^yaminc,  tc»prther  with 

|i*  !.  iric  and  iilhcr  alkaIoid».      Another  8|»ecii:'s'  of  IhiboiMu  contains 

phcmui ,  oji  dlkiU><id  nearly  allied  to  nicotine. 

^MM>U  atptjtoideii,  contiiining  hyoitcyamine  and  hyoecine,  and  perhaps  small 
^ttauliii««  of  aUiipiur. 

*TW  relalivr  proportion  of  atropine  and  hyoM-vamine  in  all  lhi»H.'  plants  is  not 
kBon.  m»  hT^M'Taiuio*  is  very  often  changed  to  atropine  in  the  piitcem  of  extraction. 
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Mandragora  autumnaliB,  or  Atropa  mandragora  (Mandrake)^  containii^  hyo** 
cyamine  with  traces  of  other  alkaloids. 

A  number  of  other  Solanacese — 0.  g,,  tobacco  and  potato  leaves,  are  aai^ 
to  contain  small  quantities  of  one  or  other  of  these  alkaloids  but  tb^ 
quantity  present  here  is  too  small  to  be  of  any  importance.  A  ptomain^ 
formed  by  the  decomposition  of  Ush  and  meat  and  known  as  ptomatropin^ 
also  produces  symptoms  closely  resembling  those  of  atropine  poisoning,  hut 
has  not  been  Isolated  as  yet. 

These  alkaloids  all  resemble  each  other  closely  in  tbe  effects  pro- 
duced by  them  in  animals.  Some  differences  in  the  symptoms  exist, 
however,  and  the  action  of  atropine  alone  will  first  be  described  and 
later  the  points  in  which  that  of  hyoscyamine  and  of  hyoscine  differ 
from  it. 

Atropine  acts  as  a  stimulant  to  the  central  nervous  system  and 
paralyzes  the  terminations  of  a  number  of  nerves,  more  especially  those 
that  supply  involuntary  muscle,  secretory  glands  and  the  heart. 

Symptoms.  —  In  man  and  the  higher  animals  small  toxic  doses  cause 
dryness  of  the  skin  and  throat,  thirst,  difficulty  in  swallowing  and 
hoarseness  in  speaking.  There  is  ofi^n  nausea  and  in  some  cases 
vomiting,  headache  and  giddiness ;  the  pupils  are  wider  than  normal 
and  the  sight  may  be  indistinct,  especially  for  near  objects.  The  res- 
piration and  pulse  are  quickened,  or  the  latter  may  at  first  be  some- 
what slowed.  A  symptom  that  is  often  present,  though  by  no  means 
invariably  so,  is  redness  of  the  skin,  more  especially  of  the  head  and 
neck;  the  conjunctiva  may  also  be  congested.  After  larger  doses 
the  same  symptoms  are  observed,  but  are  soon  followed  by  others  of 
graver  import.  The  patient  can  no  longer  swallow,  although  suffering 
from  intense  thirst,  the  heart  is  generally  extremely  rapid,  speech  is 
difficult  and  hoarse,  and  the  pupils  are  dilated  until  the  iris  almost  dis- 
appears. Restlessness  and  garrulity  point  to  an  increase  in  the  irri- 
tability of  the  brain  ;  the  patient  at  first  talks  in  a  perfectly  normal 
way  but  soon  becomes  confused,  begins  a  sentence  and  does  not  finish 
it,  often  bursts  into  laughter  or  tears,  and  in  short  becomes  delirious 
and  eventually  maniacal.  Often  marked  tremor  of  different  muscles 
may  be  observed,  and  eventually  convulsions  set  in  and  may  be  the 
cause  of  death  through  the  failure  of  the  respiration.  As  a  general 
rule,  however,  the  stage  of  excitement  passes  into  one  of  depression, 
the  patient  sinks  into  a  sleep,  which  deepens  into  stupor  and  coma, 
the  respiration  and  heart  become  slow,  weak  and  irregular,  and  death 
eventually  occurs  from  asphyxia. 

In  the  frog  the  injection  of  small  quantities  of  atro{)ine  is  followed  by 
a  stage  of  increased  reflex  excitabiUty,exactly  resembling  that  seen  under 
strychnine.  It  is  generally  of  short  duration,  however,  and  is  followed 
by  a  stage  in  which  the  frog  lies  motionless  and  does  not  react  to  stim- 
ulation in  any  way.  After  a  variable  time,  sometimes  a  few  hours, 
ofteuer  several  days,  a  return  of  the  first  symptom  occurs,  the  reflex 
being  much  exaggerated  and  the  tonic  convulsions  described  under 
strychnine  being  generally  developed.  This  stage  slowly  passes  off 
and  the  animal  again  becomes  normal. 
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Action. — These  svmptoraH  both  in  mammalft  ami  nrnphihiuns  indi- 
r^tr  stiiniilntioD  of  tlie  Central  Kervons  System  followed  by  dcprcssiun. 
Thiwe  observed  in  man  eometimes  resemble  those  seen  in  the  excite- 
taui  stage  of  ttlcoholir  {>ois<»uing,  aiid  it  has  been  suirgeste<l  that  in 
butb  tiic  cause  is  rather  a  lessening  of  the  control  normally  exerois*^ 
bj^  itw  higher  powers  over  the  lower  motor  areas  than  a  true  elimula- 
ti'iu  of  the  latter.  But  this  is  isliown  to  be  incorrect  by  the  fact 
tlut  ill  atropine  poisoning  the  motor  area  is  more  easily  stimulated 
(iv  iltr  elwtrii:  current  than  normally.  The  stimulant  action  of  atro- 
!H  also  seen  in  the  increased  reflex  response  to  irritation  of  the 
JL,  :is  well  as  in  the  augmented  activity  of  the  centres  in  the  medulla. 
Theacrvous  symptoms  under  atropine,  therefore,  arise  from  truestim- 
ulatioo  of  the  central  nervous  system,  bnt  they  are  wiiolly  different 
from  those  produced  by  strychnine,  because  tlie  latter  acts  more  e8]>e- 
ctftily  on  the  ^owe^  parts  of  the  nervous  axis,  while  atropine  acts  more 
BtDngly  on  the  higher  divisions.  The  most  marked  symptoms  of 
strvriininp  poisoning  arise  from  the  spinal  c<:)rd  and  medulla  olilongala, 
mist  in  increased  reflex  movements  and  convulsions,  while 
CAU^!H?il  liy  atropine  are  rather  to  l>e  referivd  to  the  brain,  and 
in  increased  coordinated  movements,  such  as  talking  and 
deHriara,  l}»c  exaggerated  reflex  being  of  minor  importance.  In  the 
frog  the  same  effects  are  prcKiuce<I  by  each,  because  the  higher 
puts  of  Uie  i»eutral  nervous  system  being  less  developed  than  in  the 
iDBiaiiul^,  the  first  symptoms  produced  are  those  arising  from  the  cord. 
Atropine  differs  from  caffeine,  on  the  other  hand,  in  its  effect  on  tlie 
bimiDf  for  under  the  latter  the  psychical  functions  are  those  affected 
list  of  all.  Tt  would  seem  probable,  then,  that  each  of  these  three 
■tir  the  wliolu  of  tlie  central   nervous  system  more  or  less,  but 

thai  'Strychnine  acts   more  strongly  on  the  lower  divisions,  the 

B«piiial  cord  and  medulla,  and  caffeine  on  the  highest  functions,  the 
Kpvychjcal,  atropine  occupies  a  midway  position,  and  exercises  its  chief 
^^dion  on  the  motor  divisions  of  the  brain.  These  are  rendered  so  ex- 
"cilable  that  the  tvntrolling  areas  can  no  longer  ke<'p  them  in  check,  ;nid 
«a  lOcreaM  in  movement  occurs  somewhat  resembling  that  seen  when 
tlie  onotrolling  areas  are  paralyzed  by  alcohol.  The  stimulant  action 
ij^ircadi  downwards  when  large  (juantiti(*s  have  been  absorbed,  and 
linTolvee  the  medulla  oblongata  and  spinal  cord,  so  that  symptoms 
ibliog  thofM?  seen  in  strycbuinc  |)oisoning  may  make  their  ap- 
innce.  After  the  stimulation  has  lasted  some  time,  depression  sets 
jn  aod  may  go  on  to  complete  paralysis  of  the  central  nervous  system, 
fatal  to  mammals  through  cessation  of  the  respiration,  but  in 
ihibia  the  purulysis  may  jmss  (»ff  after  some  time  as  the  p4>ison 
b  cawreled,  and  the  st^igc  of  stimulation  is  renewed.  Even  during  the 
fdmtiUtioii  stagi!  some  symptoms  of  depression  are  to  be  made  out, 
irxactly  as  has  been  described  under  strychnine. 

Tbe  pi'ripheral  action  of  atropine  involves  a  n*amlx?r  of  secretory 
the  organs  containing  in)Htri|xxl  muscular  tissue  and  the  heart. 
.  of  the  Secretlona  are  decreased  by  the  application  of  atropine 
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— «ilivan%  raiicou!*,  milk  and  sweat.  This  is  due  not  to  any  nrlion 
ii|i()ii  tl»L'  sccnttory  colls,  but  to  paralvMrf  of  sorao  of  the  nerve  emU, 
It  has  bceu  investigated  most  carefully  in  the  .-salivary  ^land?,  bul 
enough  work  has  been  done  on  the  others  to  hIiow  that  the  pmoesB 
ia  the  same  in  all.  The  m^crdiou  of  Mafiva  in  the  normal  animal  seems 
to  occur  only  when  impulses  reach  the  gland  oells  by  one  of  two  iviths 
—  through  the  chorda  lyrapaiu,  or  through  the  eervical  Hymi»atbetic 
tibres.  If  the  chorda  tyrapani  be  divided  and  put  on  electrodes  and  a 
eauula  be  passed  into  Whartnn*9  duct,  a  rapid  flow  occurs  througli  it 
on  stimulation  of  the  nerve,  which  ceases  or  is  very  much  dituinislKtl 
on  stopping  the  stimulation.  If  now  atropine  be  injecte<l,  slimuhition 
causes  no  increase  iu  the  seerttliou  and  atropine,  therefore,  seems  to 
paralyze  some  jjart  of  the  peripheral  secretory  apparatus.  The 
chorda  tympani  passes  through  ganglion  cells  on  its  way  to  the  gland 
cells,  and  the  impulses  might  be  hiuilered  in  their  passage  through 
these,  as  actually  occurs  under  the  action  of  some  drugs,  (See  Nico- 
tine.) But  this  is  not  the  explanation  of  the  inefficiency  of  eborda 
stimulation,  as  is  shown  by  the  fact  that  if  the  electriHies  Ixr  pushed 
into  the  hilns  of  the  gland  so  as  to  stimulate  the  nerve  fibres  Ijcyond 
the  gauglia  no  secretion  follows.  Anotlier  explanation  would  Ik*  that 
the  gland  cells  themselves  are  pai'ulyzed  by  atropine,  but  this  is  shown 
not  to  be  the  case,  for  on  stimulating  the  symi>athetic  which  supplier 
the  same  cells  as  the  chorda  tympani,  the  usual  secretion  follows.  The 
site  of  action  of  atropine,  therefore,  seems  to  lie  between  the  gangli»in 
cells  on  the  course  of  the  choi\la  tympani  and  the  secretory  cells,  that  is, 
the  jx>int  of  attack  is  the  terminations  of  the  nerve  fibres  in  the  gland 
cells.  The  wition  is  limited  to  certain  definite  terminations,  for  it  has 
been  noted  already  that  the  sym]>athetic  secretory  fibres  are  not  par- 
alyzed, and  it  was  discovered  by  Hcidenhain  that  not  all  the  fibres  of 
the  chonla  tympani  are  nvit'd  on  by  atropine.  On  stimulation  of  this 
nerve  in  the  uupoisoned  animal,  besides  the  iucreiised  secrcti(Ui,  a  red- 
ness and  swelling  of  the  gland  is  noticed,  its  temperature  rises,  and  the 
blood  e^!a|>ert  from  the  veins  In  much  larger  quantity  than  usual  and 
in  spurts  as  if  from  an  artery.  This  is  due  to  the  dilation  of  the 
arterioles  of  the  gland  from  the  stimulation  of  vaso-dilalor  fibiTs 
which  run  along  witli  the  secretory  fibres  in  the  chonla  tympaui. 
These  fibres  are  not  paralyjsed  by  an  injection  of  atropine,  for  on  stim- 
ulation of  the  chorda  afterwards  the  mmie  symptoms  are  produced  as 
belbre,  save  that  no  .secnrtion  occurs.  Atropine  then  seems  to  s*dect 
the  terminations  of  the  secretory  fil>res  of  tlie  chonla  tympani  for 
paralysis  an*!  to  leave  all  othei's  unaifecied.  The  secretion  of  saliva 
seems  to  occur  genenilly  only  on  the  arrival  of  impulses  by  way  of  the 
chorda  tympani,  so  that  on  the  piralysis  of  its  terminations  the  secre- 
tion ceases  entirely. 

Iu  the  same  way  the  other  fjUin'U  of  the  mouthy  thntat^  noAc  and  rvti- 
piraioiy  jjin<na<jtit  cease  secreting  after  atropine,  and  the  effect  is  the  eliar- 
acteristic  dryness  of  the  mouth,  the  hoarseness  of  the  voice,  and  the 
thirst  and  difficulty  in  swallowing  complained  of  after  its  administration. 
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Tlie  snoTPtion  of  iJic  r^ftMrU-  juicr  iuis  recvntly  iM-t'ii  hiu>wn  t<»  he 
[dimiiiisluMl  (»r  outiivly  arroUil  bv  utm|Miie,  which  |Nimly/A*s  ihc  Uri'iui- 
•  of  thi-  s^-crctory  itUvva  of  (ho  piieiinutpistrir  iktvo  in  the  .sloinarh. 
• 'Irochhirit;  uv'n\  of  l\w  tn^^mlntii  in  more  rtHliireil  [huii  either  ihu 
pt'psin  or  the  fluid  a.s  a  whole.  The  pancrealie  stvn'tion  may  be 
Jii.Ii,.^*]  cither  by  nervotw  impulses  reaching  it  by  the  fibix-s  of  the 
•i^^wtrio,  or  by  the  secretion  formed  lu  the  inte?4tiiml  cpitheliiiin 
1^  t::irrie<I  to  it  by  the  blo<xl vessels;  atmpinc  paralyziTi  the  terniina- 
if  the  pneumiijtptstric  >io  that  no  secretion  arises  from  its  stimulation^ 
bat  the  iutentinal  set^retion  acts  directly  on  the  |>ancreatic  cells  so  that  the 
I  |ri»ml  orMitiiiuirs  to  r&spond  to  its  presence.  The  bile  is  alrJo  said  ti»  Ije 
t  mnewhat  lessened  by  atropine.  The  production  of  ttugar  from  the  gly- 
^^^■ttn  of  the  liver  has  been  recently  shown  to  be  controlkxl  by  brunches 
^^^Ibe  orrlinc  plexus,  but  these  have  no  effect  after  atropine,  sit  that  the 
^■tenai  fat  ions  of  tiie  ucrves  in  tiic  liver  cells  seem  to  Ik'  ]iaralyzed  also. 
^r  The  same  paralysis  is  produced  iu  the  terminations  of  the  nerves  in 
the  mwtai  ffla nth.  Stimulation  of  the  sciatic  nerve  as  a  general  rule 
produces  perspiration  in  the  foot  of  the  cat  and  dog,  but  aAer  atropine 
tltiseflwt  is  absent,  l>ecanse  the  impulses  cannot  reach  the  cells  through 
U»c  i«nilyKed  terminntions,  and  the  skin  therefore  becomes  dry  and 
The  secretion  of  miil:  bears  the  same  relation  to  that  of  per- 
ion  as  tliat  of  the  pancreatic  juice  does  to  the  saliva;  it  is 
by  etimidi  fiTim  the  central  nervous  hystem,  but  at  the 
«»c  time  the  mammary  giund  continues  to  secrete  after  all  its  ucrves 
bave  b«ea  divided.  Atropine  therefore  lessens  the  seeri'tion  by  para- 
lyziog  its  nen*es,  but  does  not  stop  it  altogether.  The  solids  of  the 
milk  srem  nither  incrcjisod  than  diminished  by  the  drug. 

Tl>e  kUlntrif  is  not  wntrollcd  so  directly  by  nervous  influence's  as  the 
Ij^fauiild  hitherto  disciissi'd,  and  atropine  causes  little  or  ntt  change  in  the 
anMMHit  of  uriue  except  what  is  proixibly  the  indirect  result  of  the  arrest 
i»f  the  other  sifivtinus.  The  tttvirfion  af  Itfiniik  is  not  idtercil  by  atni- 
pine,  fo  that  it  is  prol>ably  not  controlltKl  by  nervc^^  in  the  stnnc  way 
tho  Inie  s<x!n^tions. 

AH  Orfani  Containing   Unstriped    Muscle  (apart    from    the  arterial 

mil)  *«*«n)  to  l>e  alteriNl    by  atropine.      Thus  the  movements  {»f  the 

intt"stine,   bhwlder,   uterus,  spleen,   tlumicic  duct,  and  of  the 

md  te-ioplmgiis  (except  in   animals,  in   which  these  consist  nf 

IIM*]  muscle)  are  lt*wenc*i  by  atropine. 

Alnvpine  has  generally  a  setlative  effect  on  the  movements  of  the 
^ttnutrh  and  hUiMhw^  though  vomiting  is  not  infr<K]nently  obwrveil  in 
r  poisoning,  and  less  often  iiw  <*vacuation  of  the  c*intcnts  of 
Ael.  The  increase*!  movement  induced  by  ordinar\- doses  of 
the  purgatives  is  not  arrestetl,  but  the  griping  pains  resulting  from 
lux^'  iliivs  or  from  the  more  vioh»nt  pni'gatives  are  absent  or  h-ss 
marked  if  atropine  is  given  along  with  them.  Similarly,  the  violent 
prr  ind  tetnnic   contmcti<»ns  f«^en  after  such  |>oisons  jis  nicotine 

an"  »'ino  are  preveiitetl  by  the  pn'Iiminary  iujci'tion  of  atn>piiie. 

Tlaeie  raults  were  formerly  explained  by  supposing  thatatnipinc  ]mra- 
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lywxi  the  terniinHtujus  of  the  extrinsic  motor  ner%'e  of  ibt  iH.weJ  ib 
thr  same  way  as  it  pandyzo-s  Ibe  tcrinin:ilionh  of  the  ok<»nla  tvmiuuL 
But  Bayliss  uud  Suxrliiig  ami  Dixon  Imve  jvcently  shown  tluit  iih>ihinc 
ilt>es  not  alter  the  L-flec't  of  fitimulatiou  of  the  xn^im,  the  m.iti.r  ntrw 
of  the  intestine  and  stoniaeh,  imr  of  that  of  the  sphim*huic  the  inliilii- 
ton-  ntTve.  The  fact  that  it  anUijoHiizes  the  exc^t^ive  movement  all*r 
theU'  i>ois<»ns  cannot  be  attnbutotl  to  oition  on  the  tertninati.ni;; of 
thejie  ner\eH,  therefore,  and  no  other  explanation  of  the  umint-^m.o- 
ahle  eflect  of  atropine  on  the  stomach  and  bowel  ha.s  been  vourksaful. 
It  :ipi>ears  pittwible  Uiut  atropine  acts  on  some  ntill  unknown  ncm 
terminations,  and  that  the  violent  movements  which  it  a^reM^  ariw 
fn>m  Hlimulation  of  a  met^hauisin  wliich  is  distinct  from  that  prt-sdinr 
over  tJie  ortlinary  peristalsis. 

Atropine  exerVises  the  same  sedative  effect  on  the  movements  of  other 
organs  as  on  those  of  the  hoynA.     Thus,  the  »phen,  uh^rtui^  hUtdtlrr.m^ 
thf  bronrJtial  mv^es  seom  less  liable  to  oontraction  after  its  use  '  In 
regard  to  its  action  on  the  two  first  but  little  is  known,  but  DreserluB 
shown  that  tlie  stimulation  of  the  pneumogastric  does  not  cause  wn- 
traction  of  the  bronchial  muscle  after  atropine,  while  in  the  unw.isnnrtl 
animal  it  has  this  effect.     In  regard  to  the  bladder  it  has  been  <.iiM  r\-.i 
frequently  in  cases  of  poisoning  that  the  urine  is  ejected  soon  atur  iiir 
ingest ion'of  the  poison,  and  subsequently  there  is  a  desire  to  micturate 
without  the  ability  to  do  so.     The  preliminary  contraction  of  the  hlad- 
der  would  seem  analogous  to  that  of  the  intestine,  and  the  subsciincDi 
inability  to  empty  it  to  the  diminution  of  the  peristalsis.      The  rhph- 
mical  contractions  of  the  urffcra  are  said  to  l)e  accelerated  by  stnaJI 
doses,  but  to  be  sloweti  and  arrested  by  larger  amounts. 

The  terminations  of  the  nerves  in  the  un3tri]>ed  muscle  of  tbf 
{¥jtoph(i/}}i»  seem  to  be  affected  in  the  same  way  as  in  that  of  the  intes- 
tine. A  curious  contrast  has  been  noted  by  Luchsinger  in  the  behanor 
of  the  ces*^phagus  in  rabbits  and  cats,  in  the  former  of  which  th«  mus- 
cle is  striatedj,  while  in  the  latter  the  upper  part  is  striated  the  lower 
is  unstriateil.  Atropinoj  he  founds  paralyzes  the  vagus  lerminaiinnsia 
those  parts  which  arc  uustriiwd,  while  leaving  imaffectc<l  those  in  the 
striped  tibres.  Exactly  the  opposite  occurs  after  eurara,  which  mni- 
lyzcs  the  nerve  supply  of  the  .striped  muscle,  while  leaving  the  nnstnpc<l 
active.  Here,  again,  is  evideut^e  of  the  selective  power  of  these  poi^'Oa 
and  of  the  difference  in  the  chemical  composition  of  nearly  relaw^ 
structures. 

It  is  possible  that  the  difficulty  in  swallowing,  which  is  so  well 
marked  in  cases  of  poisoning  by  atropine,  may  be  due  in  jjart  to  tbe 
paralysis  of  the  motor  nerve  ends,  but  it  is  generally  attributfd  to  tlve 
absence  of  the  mucous  secretion  and  consequent  dryness  of  die  pa>- 
sagcs. 

The  dilatation  of  the  pup'tl  by  atropine  has  been  the  subject  of  a 
very  large  number  of  researches  lx»th  by  physiologists  and  by  practical 
ophthalmologists.  It  occurs  on  internal  administration  as  well  as  on 
the  application  of  minute  quantities  locally,  and  ia  due  to  iJaralysis  of 
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the  KMtninHtinns  of  thp  motnr  non'o  in  the  cirnilar  mn?K*le  of  the  iri». 
['ITiifl  IS  bhowii  by  tlio  fact  timt  stimulaliou  of  tlie  motor  oouli  ncn'eor 
lof  thr  .sympjithotic  noiinm  niniiing:  from  the  ciliary  ganglion  U  without 
effect,  Ob  wcJJ  as  that  tlu!  dihitation  may  he  prtxhiced  Uy  atropine  in 
ihe  excised  eye.  This  limits  the  paralysis  to  the  periphen%  and  that 
muscJe  ifi  not  acted  on  ih  shown  !>y  its  renctinp  to  elcetric^il  Ptimn- 
rm,  Tlie  hxail  nature  of  the  a<'lion  may  be  further  sh(>wn  by  eare- 
ftilly  applying  a  minute  f|U£intity  of  the  drug  to  one  side  of  the  cornea, 
when  dilatation  of  one  half  or  less  of  the  pupil  oecurs,  the  n'^t  remain- 
ing contracted.  The  motor  oculi  (Fig.  20)  constantly  tmnsniits  im- 
enlaea  through  the  eiliary  i»erve8  to  the  sphincter  mn^eh^  of  the  iris  and 
«ep0  the  pupil  nHxlerately  contracted,  and  when  these  impulses  efln 
no  longer  reach  the  iris  owing  to  the  paralysis  of  the  nerve  ends^  the 

Pio.  26. 


V 


^f  th-  li-n^-jTmll 


.rihi*  rrli.     r,  B  fibre  of  Uie  motor  ocull  panlnf;  frnm  tho  brain  In  Ibo 
iilM  *n>uQd  •  oerv«L«ll,  which  Miids  no  kxln  vyMmlcr  Li  t«r- 
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irt«.     A,  A  tuiD&l  aerve  Bbrt)  Unuiofc  from  t lit*  luwer  oorvlral 
rica)  !■ 
>ti, '/.     Thvaxi*  crllndt-rTrom  Uil«  ncrTCcell  ruu*  Im  tbe  Iri*  (^nu*- 


-1  laferior  c«rvica)  f anelU  and  t«rmluBltD|t  iiniiin<l  >  ^nitlloo 


iilQalen,  f\  uii  Ibe  radiating  Abrca.     .V  indicate*  tb«  tcriulnaUoun  of 

.iltrep,  aud  u  the  jMiliit  avted  uti  by  atruiilue  auil  luuBcurlue.     >.%". 

of  action  of  nlooUiw.    C^  tho  termlaatioa*  la  tbe  lUIalur  fibim,  itat  or 


■phiocier  relaxtw  and  the  pupil  dilates.  The  muscle  itaelf  does  not 
flccsn  to  be  affected  by  the  ordinary  application  of  atropine,  but  if 
•*«»op  •olutioiw  U^  (wntinuously  applied,  its  fibres  may  be  paralyzed 
|bv  it  as  by  many  other  drug^.  The  action  in  paralyzing  the  nerve 
!«od  w  univorwdly  acoepte<l  now,  although  it  was  formerly  disput^id. 
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A    turtbtT  fiuestifm    b    wlietlier  this  is  the  only  fflcct  of  atn>]iinr  on  lh» 
pupil,  or  whether  the  t-ermiaations  of  the  liilatingsympiulietic  fihre«  arpnol 
Btiniiilat^M]  at  the  same  timt*.  and  this  ciiiinot  as  yet  Ik;  said  to  Ih'  p*innillv 
ujjrcfd  upon,  although  there  is  very  strong  evidenee  aj^ainst  the  latter  view. 
Its  advocates  have  >renemlly  iguorud  the  fact  that  the  eonstrietor  miwck'i* 
coiiKtinlly  opposed  hy  dilator  iibrea,  and  that  when  the  former  is»  thrown  m:fr 
of  Aotivity  hy  the  jMiralysis  of  the  terraiimtions  of  the  motor  oeull,  Ihe  milial- 
injj:  fihres  wiuflo  on  active  dilatation  without  any  stimulation  of  the  nerve  eaiU 
beinjf  neeessary.     If,  however,  the  mdiating  mu-aeulnr  fibres  Iw  Hepaniti'd 
from  their  innervaliiiK  centre  by  flection  of  the  cer\'iciil  sympathetio  n*>r\'e 
in  the  neck,  they  also  cease  to  contract  and  there  is  no  active  dilatation,  so 
that  atroiiine  eiuiscs  less  wideninjj  of  the  pupil  than  it  would  if  impulse* 
continued  to  re^K^h  the  radiatiuR  muscle.     After  the  application  of  atropine 
to  Ihe  eye,  the  irifl  often  rtilaxea  with  suflicient  force  to  tear  weak  udhe^iioaH 
to  the  lens,  and  this  has  also  been  held  to  indicate  that  tlie  dilator  fibres  an? 
stimulated,  for  it  is  unlikely  that  the  mere  passive  relaxutiou  of  tlie  iris  could 
rupture  an  attachment.     Similarly,  if  the  iris  l>e  attacbiil  nl  two  |Hiiiits  tf»  th« 
le»>t,  atropine  causi-s  a  br>w-Hh)tj»e<l  dilatation  between  them,  the  enniavity  Iti'lng; 
dircct4il  inward,  wheivas  if  the  dilatation  were  puuly  pa^^ive  the  ])urt  between 
the  points  of  attachnteat  wriuld  probably  lie  loose  and  wrinkled.     The  dilatation 
is  un(|ueMtionab]y  an  active  iinivcmciil,  accomplished  by  the  i-ontraction  of  the 
rnfliaiiii);  muscular  fibres,  but  these  are  not  put  in  motion  by  Hlimulation  of  the 
torniinati')iiH  of  ihe  fibres  in  the  radiating  niu.-*lea  of  the  iris,  but  l>y  the  nonnsl 
iropuls<»a  descending  frftm  the  central  nervou.-i  Hystem,  which  after  atropine  are 
not  emint^rbaliuieed  by  impulses  reaching  the  circular  fibres. 

In  short,  tlie  eWdcnce  g(»c.s  to  prove  that  atropine  dilates  the  pupiJ 
by  [xiralyzing  the  terminations  nC  the  nerves  in  the  nirfiiliir  muwde. 
Tlii.s  lejives  the  ttidiating  fibren  iau>p|wsLil,  and  they  thcifrorc  draw 
back  the  edge  of  the  iris.  The  tennimitinns  of  the  nerves  in  the  radi- 
ating muscle  fibres  do  not  scorn  to  Ik;  affected  by  atropine. 

The  dilatiitiun  of  tlie  pupil  effected  by  atropine  is  not  quite  maximal, 
for  stimulation  fiftht*  eervir.il  Bympathetie  truuk  ^enenilly  increases  it, 
though  but  slij^litly.  It  dilfers  considerably  in  <hffereut  uniinalii,  be- 
ing more  complete  in  man,  the  dog,  and  the  cat  than  in  tlie  rabbit, 
entirely  absent  in  birdn  and  reptiles  and  elicited  with  difficulty  in  the 
frog.  In  birds  and  reptiles  the  iris  consists  of  8tri|>ed  muscle  fibres, 
and  awordingly  atropine  has  no  action  on  the  nerve  terminntions. 

In  the  rabbit  and  in  man  the  dilatation  is  sometimes  preeede<]  by  a 
Blight  contraction  due,  it  is  believed,  to  an  itritant  preparation  setting 
up  a  reflex  from  the  conjunctival  sensory  nerves.  When  complete  dila- 
tati(fn  is  attained,  the  jvupil  ceases  to  contract  in  briglit  liglit,  as  the 
impulses  descending  from  tbe  central  nervous  system  are  prevented 
from  reaching  the  muscle,  although  the  rest  of  the  reflex  arc  is  intact. 
AetHtnling  to  several  observers  the  pupil  dilated  by  atropine  oontnictd 
during  niircosis  from  chloroform  or  chloral,  but  this  statement  requires 
fiirtluT  confirmation. 

Besides  the  dilatation  of  the  pupil,  a  further  result  of  the  applica- 
tion of  atropine  to  the  eye  is  the  paralysis  of  tlie  (uromiuotiatii/n.  Near 
objects  are  no  longer  seen  clearly,  while  distant  ones  are  as  distinct  aa 
fitrmerly  or  may  he  even  more  distinct  in  some  eyes,  The  action  is 
here  again  on  tlie  terminations  of  the  motor  nerve,  in  tins  ease  in  tho 
oilmry  muscle.     On  local  application  the  relaxation  of  the  lens  occurs 
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^^  «]i.4;ip]H'iirR  earlier  than  the  dilatation  of  the  p>i|>il,  »ml 
r  f|nantitiea  are  required  to  produce  it. 
The  ininnn'itlitr  presftmr  umler^pM^^  a  considerable  auginentjition  after 
Uioal  applieation  of  atropine  as  well  as  when  it  is  applied  throti^h 
e  g^'oeral  circulation.  This  seems  to  be  due  to  the  dilatation  of  the 
pil,  although  some  writers  seem  to  believe  that  atropine  Ikls  also  a 
•cifll  action  on  the  intraocular  flin^ls.  The  increase  in  tfie  intra- 
liar  pn^siirp  has  Ijcen  demoustrated  in  animals  thron^rb  tbe  niove- 
U  of  a  manometer  communicating  with  the  vitreoiir^  Initnor,  and  is 
well-known  result  of  the  applieation  of  atropine  in  op5ithulni<>lf>|T;y, 
may,  perhaps,  explain  the  pain  and  aeiiinji:  in  thf  ey*'and  thi;  head- 
lie  complained  of  in  wme  cases  of  pois«>iiing,  while  in  otliui-s  tliese 
iv  be  due  to  bright  light  falling  on  the  retinn,  which  is  unprotected 
tlie  iriti. 

Atropine  paralyses  the  Inhibitory  TerminationB  of  tbe  Vagus  ia  tbe 

,  .ind  •stimulation   of  thi8   nerve  therefore   causes  no  chiingea  in 

fcpulHc   after  its  administration.     A    number   of  other  drugs  also 

IJBove  the  inhibitory  power  of  the  vagus,  but  act  on  a  difTercnl  part 

the  nerve,  namely,  on  tiie  ganglia.     That  atropine  does  not  act  here 

ut  on  the  terminations,  has  been  shown  by  a  number  of  observations. 
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.(  ti»  wr>otricle  (lower)  »dH  miricle  (oppcr)   of  the  doff's  henrt.     DarlDg  STJitole   Iho 

[••■rtU  ;  durlKit  dln»loIe.  flownwardi,     Al  A.  tbfhMrt  1«  uonii«l  ;  at  fl,  tn*"  InbiWtnry 

luiilatol  «-lt-tTl':aUy,  anti  thin  wa*  continud  thrmitfli'-mt  ilio  traoinii.     Tbe  vtolrk'ular 

iif  tliiw  ;iuil  Irrf-gular.  while  the  auriL-le  »lf>'>(l  ntlll  in  (llaAto)t'.      AL  (',  ntniitinv  siil|<hiile 

1  .ritn  ■  vpia,  anil  at  i/lbe  eflitcLH  uf  Uid  luhlbKiuD  bcjjaa  tu  Inum  uflT,  altbouKh  the  siimulo- 

1"M,  In  tJie  normal  frog's  heart,  ami  even  after  paralysis  of  the  gan- 
P«on  the  course  of  the  vagus,  electrical  stimulation  of  the  venotis 
WiiBcanses  slowing  and  standstill  of  the  heart,  because  the  stimulus 
'^wlie*  ihc  vagus  beyond  the  paralyzed  g:inglia  (Fig.  24,  p.  267) ;  but 
"fi't  atropine,  no  slowing  follows  stimulation  of  the  sinus.  Again, 
*^'^l  drugs  stimulate  the  ends  of  the  vagus  In  the  licari  and  act  on 
P^ns  in  which  no  ganglia  exist,  but  these  drugH  have  no  effect  whatever 
*fier  atropine.  Small  quantities  of  atropine  have  no  further  action  on 
kiirt  than  the  paralysis  of  the  inhibitory  nerve  t-nds.  The  tcr- 
tioiis  of  the  accelerator  nerve  are  uiiatfootcd,  exactly  as  the  tor- 
TOinations  of  the  sympathetic  in  the  sili  vary  glands,  and  the  licart  miis- 
cleL*  neither  stimulated  nor  depressed.     The  heart  is  tberefurt'  placed 
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in  the  same  position  as  if  the  vagus  were  divided  in  the  neck,  and,  ac- 
cordingly, is  accelerated  in  some  animals,  while  in  others  the  rhythm  is 
unchanged.  In  the  dog  there  is  a  marked  quickening  of  the  heart  after 
atropine,  because  normally  impulses  are  constantly  transmitted  from 
the  inhibitory  centre  in  the  medulla,  and  these  prevent  the  heart  from 
beating  as  rapidly  as  it  would  if  freed  from  the  nervous  control.  In 
the  cat  the  "  tone  "  of  the  vagus  is  less,  and  the  changes  produced  by 
atropine  are  correspondingly  smaller,  while  in  the  rabbit  and  frog  there 
is  generally  no  inhibitory  retardation  of  the  heart,  and  atropine  therefore 
produces  little  change.  In  man  the  effects  vary  considerably  with  the- 
age  of  the  patient.  The  inhibitory  fibres  seem  almost  inactive  at  birth, 
but  their  tone  increases  with  age  up  to  25-35  years,  and  from  this 
time  lessens  again  and  is  very  slight  in  old  age.  Atropine  does  not 
quicken  the  heart  in  the  newborn  child,  but  up  to  about  30  the  accel- 
eration increases  with  the  age,  and  from  this  point  onwards  it  lessens 
again  until  the  heart  is  accelerated  by  only  4-5  beats  per  minute  in 
patients  l>etween  80-90  years.  Along  with  the  acceleration  of  the 
pulse  the  other  effects  of  vagus  section  are  also  produced — increase  in 
the  extent  of  systole,  decrease  in  the  diastole  and  augmentation  of  the 
output  of  the  heart  per  minute. 

Stimulation  of  the  vagus  causes  no  retardation  of  the  pulse  after  atropine, 
but  on  the  contrary,  is  not  infrequently  followed  by  acceleration  fh>m  the 
presence  of  accelerator  fibres  which  are  not  affected  by  atropine. 

Large  quantities  of  atropine,  besides  paralyzing  the  vagus,  weaken  and 
depress  the  heart  muscle  and  the  contractions  consequently  become  slower 
and  weaker  and  the  output  of  the  heart  is  less  than  normal.  Hedbom 
states  that  large  quantities  accelerate  the  coronary  circulation  in  mammals 
and  increase  the  amplitude  of  the  contractions.  He  is  inclined  to  regard  the 
latter  alteration  as  due  in  part  to  the  dilatation  of  the  coronary  vessels,  in 
part  to  a  direct  action  on  the  heait  muscle. 

The  peripheral  action  of  atropine  hitherto  discussed  is  due  to  its  para- 
lyzing the  terminations  of  a  number  of  nerves  in  small  doses  and  to  its 
paralyzing  the  muscle  or  gland  cells  when  administered  in  very  large  quan- 
tities. These  facts  are  generally  accepted  as  true,  but  a  number  of  ftirther 
effects  have  been  disputed  and  may  now  be  shortly  discussed. 

It  is  not  seldom  stated  that  atropine,  in  addition  to  paralyzing  the  vagus 
ends,  stimulates  the  heart  muscle  and  thereby  quickens  its  rhythm.  This 
assertion  is  somewhat  difficult  to  disprove,  but  none  of  the  alleged  fi&cts 
brought  forward  to  support  it  have  stood  closer  investigation.  The  error 
generally  arose  from  the  belief  that  atropine  acted  on  the  ganglia  and 
not  on  the  nerve  ends  or  from  the  use  of  impure  and  irritant  preparations, 
and  all  the  phenomena  on  which  it  was  based  may  be  explained  by  the 
more  modern  theory  that  the  ganglia  on  the  course  of  the  inhibitory  nerve 
fibres  are  left  intact  by  atropine,  while  the  terminations  of  the  nerve  are 
paralyzed. 

A  further  question  is  whether  the  nerve  ends  are  paralyzed  at  once  or 
whether  they  undergo  a  short  stimulation  first.  In  favor  of  the  latter 
theory  several  facts  may  he  mentioned,  as  that  tbc  heart  in  mammals  is 
often  first  slowed  and  then  qilickencd  by  atropine.  This  might  indicate  stimu- 
lation of  the  nerve  endu,  but  seems  due  rather  to  the  inhibitory  centre  in 
the  nu'dulla  being  stimulated  befr>re  the  terminations  are  paralyzed.  This 
stimulation  of  the  eentre  slows  the  heart  until  the  impulses  sent  out  from  it 
are  j)revented  from  reaching  the  organ  by  paralysis  of  the  nerve  ends.  The 
increase  in   the   intestinal   movements,   which   occurs  immediately   after  the 
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t^)eelioA  ufatTopine,  mipht  also  be  cited  as  proof  of  the  prelimioary  stixnu- 
Wioo  of  the  uer\'e  en<\R,  but  may  abo  be  explained  by  tbe  inbibitofy 
terminations  t»cinK  parnly/cd  earlier  thao  the  motor,  bo  that  these  have  u 
brii-r  fiericNi  of  iinre?truine<i  activity.  In  the  eye  a  short  sta^re  of  eontra(.'tit>n 
of  Uip  juiiiil  not  irifW-tpiently  precedes  the  dilatation,  but  it  is  generally 
trhrV(-<]  til  \tc  due  tij  a  reflex  from  tbe  application  of  an  irritant  8i>lution  to 
thecoojuiu'tiva.  Lastly,  when  atropine  is  applied  to  tbe  eye  of  the  cut  a 
cnnutWrobte  Keeretion  of  wilivu  almost  aUvayH  follows  for  a  Hliort  time,  and 
ibk  mieht  be  held  to  indieAtea  stimulation  of  the  terminations  of  the  chorrln. 
It  bmorf  likely,  however,  th»u  it  Ia  a  reflex  secretion  from  the  hitler  t«Bto 
0f  the  ftlkaJoid*  which  has  escaped  tlirough  tbe  lachrymal  duct  into  the  buck 
of  i1m  throat. 

Scvrnil  alkaloids  stitaulate  the  Harae  jieripheral  nerve  terminations 
watpipine  paralyzes,  and  the  interaction  of  the  two  groups  is  of  con- 
•tdrmUr  iuiportauce.      It  is  more  profitfihly  disetiRs***!  after  tlie  general 
arttoQ  of  tiiesc  (vtisous  bas  been  learned,  and  will   bo  t^ikeu  up  at  that 
point  (see  muscarine^  pibx^rpine,  and   physostigmme ;  compare  also 
niattine  and  tbe  ourarn  and  coniine  series). 
Tbe  voluntary  Muscles  are  not  directly  affected  by  atropine.     The 
iniiliimft  of  th(»  motor  Nerves  are  |)aralyzed  in  tlie  frog;  by  Inrpfe 
but  this  has  not  been  elicite*.!   in  inaminalH  by  ordinary  meth- 
fMb  of  experimental  investigation.     The  terminations  of  the  sensory 
•  are  paralyzed,  or  at  any  rate  depres.-jed  by  itA  local  application. 
irlien  a  liniinent  or  ointment  containing  atropine  is  applied  to 
tlieflkio,  a  numbness  of  the  part  is  pro<lnced  and  the  sensation  of  pain 
b  ka^tied.     The  local  anaesthetic  etfect  is  nut  elicited  by  its  internal 
•iminbtnition,  although  it  is  said  that  tlie  frog  may  be  rendered  less 
■rOMtive  lo  irritiition  of  the  skin  if  poisoned  with  atropine.     Acciird- 
i      m^  to  some   recent  investigations  the  sensory   tcrmtuatious  are  first 
sCimuLUcd  and  then  paralyzed,  but  the  assertion  stands  in  need  of  con- 

^1  OlreaUtloiL  —  The  effect  of  atropine  on  the  circulation  is  somewhat 
Bmd'  '  -.  besides  the  action  on  the  heart,  that  on  the  central  nervous 
H-tviii'  I  Ih)  conwidered.     The  heart  is  Kometiraes  shiwed  and  weak- 

ami  at  tirst,  owing  to  the  stimulation  of  the  inhibitory  centre  in  the 
lla  probably,  but  is  generally  quickened  from  paralysis  of  the  in- 
fibres  in  the  heart,  and  af\er  very  large  duties  is  weakened  by 
action  on  the  muscle  fibre.  The  blood-pressure  is  consider- 
increased  l>y  the  augmented  output  of  the  accelerated  heart,  and 
owing  to  stimulation  of  the  vaso-constrictor  centre  in  the  medulla 
o(>Dtriu>t8  the  arterioles  in  the  al»domen.  The  constriction  of 
vtwscJs  is  ncc«)m(Kvnied  by  a  dilation  of  the  arterioles  of  the  skin, 
perfaapA  of  the  brain,  from  excitation  of  the  vaso-dilator  centre, 
ao  that  the  blood  tends  to  flow  from  the  alMiominal  cavity  to  the  more 
saperfictal  parts.  The  dilation  of  the  skin  vessels  is,  however,  insuf- 
icMtnl  to  oountemct  altogether  the  contraction  of  those  of  the  abdomen, 
wo  that  a  oon«iiderablc  incn*ase  in  the  arterial  tension  follows  the  in- 
gcftioo  of  atropine.  The  increased  pressure  is  maintained  tor  sctme 
Ij^^iiDe  al^cr  small  doses,  while  large  ones  lower  it  from  the  action  on 
^bke  heart  modcle.     The  dilation  of  the  skin  vessels  is  more  especially 
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seen  in  the  head  and  neck,  uud  here  produces  marked  dtu^hin^  atiJ 
a  rash  sonicwhiit  reftcrahling  that  of  scarlet  fever.  That  It  is  dm?  to 
central  antion  is  shown  by  the  fa<;t  that  it  is  prevented  by  divijfioii  of 
the  syni|>uthetie  trunk  in  the  neck.  The  rush  nsually  di^ippears  after 
a  few  hours,  but  is  sometimes  followed  in  a  day  or  two  by  dt'?i<piama- 
ticin.  The  cirenlati<m  always  persist'*  after  the  respiration  has  ccasn-d, 
and  itj4  failure  is  not  the  cause  of  death  therefore. 

The  action  of  atropine  on  the  fiespiration  has  been  the  subject  ot 
muoh  diseuHsiou  in  recent  years.     It  is  sometimes  slower  at  first  througl* 
some  unexplained  central  action  but  then  becomes  quicker,  and  ac-^ 
cording  to  most  observers  als<i  deejier,  and  the  amount  of  air  inspired 
per   minute   is  considend^ly  iiK'r*'a.seii.     This  is  «hie  to  stimulation  of 
the   respiratory  centre,  wliieli  undergoes   the  same  changes  as  llie  rwsl 
of   the  central   nervous  system.     After  large  doses  this  quickened 
breathing   is  fre*piently   interruptetl   by  convulsive   movements,  and 
such  an  interruption  often  proves  to  be  final.     If  it  returns,  tlie  move- 
ments become  sliallower  and  slower  in  the  Bt;»ge  of  depression  of  the 
nervous  centres,  and  the  failure  of  the  respiration  is  the  cause  of  death 
in  fatal  cases  of  poiscming. 

.  Atropine  often  induces  a  marked  rise  in  Temperature,  the  cause  of 
which  cannot  be  said  to  be  definitely  known.  Accttrding  ti>  C  >tt  the 
dissipation  of  heat  is  increased,  but  the  heat  formation  undcrgttes  u 
still  greaiter  augmentation.  This  seems  to  be  independent  of  the  cir- 
cidatory  changes  and  also  of  the  convulsions,  and  is  attributed  by  him 
to  direct  action  on  the  heat  centres  of  the  bniin. 

Atropine  is  Excreted  in  the  urine  in  small  (piantities  when  injected 
into  tlie  dog,  but  most  of  it  undergoes  complete  oxidation  in  the  tissues  ; 
in  the  rabbit  tliis  seems  to  lie  the  fate  of  the  whole  of  the  drug,  for 
none  is  found  in  the  excretions.^  Young  animals  withstand  much  larger 
quantities  than  adults,  according  to  v.  Aurep  becaiuse  the  brain  is  lose 
highly  developed  and  the  cerebral  symptoms  are  therefore  pnxluced 
less  easily.  Rabbits  may  be  fed  for  weeks  on  belladonna  leaves  exclu- 
sively without  showing  any  symptoms  of  |K)isoning,  while  caniivorous 
animals  and  man  are  very  much  more  sensitive  to  its  action.  A  enrioiis 
case  of  poisoning  is  related  in  which  the  defence  was  made  that  the  alka- 
loid was  taken  arci<lentally  thrfmgh  partaking  of  roast  rabbit,  the  ani- 
maPs  fiesli  having  been  saturated  with  atropine  through  feeding  on  l>el1a- 
donna  leaves.  It  was  found  that  rabbits  thus  fed  might,  in  fact,  con- 
tain large  quantiti<^8  of  atmpine  and  yet  show  no  signs  of  poisoning. 
Von  Anrep  succeeded  in  developiug  a  certain  degree  of  Tolerance  in 
dogs  through  repeatetl  administration  of  atropine,  but  it  was  very  in- 
complete. The  symptoms  arising  from  the  centnd  nervous  system 
were  much  less  evident  after  a  few  doses,  while  thf:>se  from  the  heart, 
pupil  and  secretory  glands  persisted  after  the  treatment  had  been  eon- 
tinuf<l  for  some  time. 

Hyoscyamine  is  nirely  obtainuble  in  pure  form,  as  it  is  almost  always 
mixed  with  atropine,  into  which  it  changes  when  kept  in  solution  and 

*  Traces  have  been  fvund  in  Uio  milk  uf  aoiuc  luiiumla  aiid  alsu  in  the  ru*(ul  lilixxl. 
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vcn  wLcn  dn*.  It  paralyzes  the  {KTipheral  tern»ijtmtions  of 
ibf  same  nerves  &&  atropine,  but  act^  almost  exncily  twice  as  strongly 
iifi  dicm.  Its  action  un  the  central  uervouH  syittem  in  mamiuals 
Rwmhlts)  that  of  atropine  antl  the  fatal  doso  is  the  8amc,  hut  in  the 
fwgillias  left.s  teiuiency  to  «iui?e  <Ninviilsions.  No  narcotir  inHiience 
» tti'rni«d  on  either  frogs  or  nmuinials ;  the  Ix'lief  that  it  inducts 
tiecp  is  founded  on  observations  in  which  byoscine  was  mixed  with  tlie 
hf»!\amine  employed. 

Tltp  nrtinn  of  ntmpiiie,  wi  baa  been  stilted,  U  compounded  of  that  of  niitu- 
nl  irf  U'vorotary  hy»wiyaiiiiiit?  willi  tliiil  of  \U>.  iU'xln)n»tnry  iwinuT.  The 
laUer  Jutv  iiut  exist  trw  iu  iiatun-  mid  pots^cftscs  uuly  u  fcelilo  octiou  ou  ibu 
aerre  lenamatirmi^,  while  it  iitiiuulatei}  the  spinal  cord  of  the  frog  mure  tbiui 
«ftto  irtmpinp  <ir  liro«7yaniiae.  The  peripheral  action  of  atropine  w  thus  due 
^'  '  ■»:_'  hy<i«cyamin«,  and  jw  a  ^ain  of  atropine  contains  only  half  a 

p^  yariiine  the  former  naturally   exercisw*  only   half  thfi  ertWit  of  a 

p»ui  ul  bygc^yainine.  On  the  other  hand,  the  half  gnun  ofdextrorc^tary  hyom.7- 
MUM ins  grain  of  atropine  w  alm^wl  inert  on  the  nerve  terminations  but  ezer> 
dm  the  flame  effeet  on  the  central  nen'om*  syatem  as  iti*  hevorotary  c»>mplement. 
A&opio^  tfatLH  acta  on  the  central  nervoiu  system  in  mammals  in  the  same 
tffil|lb  WB  byiMcyiuiilm-,  hut  only  half  an  Htrongly  in  the  {wriphcry. 

Bttpolunine,  or  Hyoscine,  rexembles  atropine  closely  in  its  peripheral 
*ction.  The  inhibitory  terminations  in  the  heart  arc  jwiralyzed, 
illlwjugh  the  therapeutic  dose  in  man  is  too  small  to  elicit  this  effect 
iwl  the  j»ulsie  \n  therefore  unaltered  ia  rate  or  may  be  glower  owing  to 
the  hypnotic  action.  It  prcxluces  mydriasis  and  loss  of  accomnnKla- 
lioo  lotipe  quickly  than  atr'>pine,  but  for  a  much  shorter  time ;  |>ure 
htftieiiie  acts  about  twice  as  strougly  on  the  nerve  terminations  as 
ilnt^Hne,  or  aUnit  equally  strongly  with  hyoscyanjine.  The  effects  on 
tlttcentnil  nervous  system  present  the  ^-eatest  divergences  fnmi  those 
under  atropine^  for  the  characleiistio  stimulation  is  absc-nt  in 
majority  of  cases.  As  a  geneml  rule,  Hco|iolamine  prodmwa 
Riark^l  sensation  of  fatigue  and  drowsiness,  and  tlie  [)atient  moves 
ihout  |«ss  an»l  sfKaiks  less.  Six»n  an  oveqwwering  desire  to  sleep  is 
,iell,4ttJ  a  condition  in  no  way  dissimilar  to  the  natuiul  slrcp  follows. 
■eases,  however,  a  short  stage  of  excitement  with  giddiness, 
movement**,  and  difficult  and  indistinct  speech  prece<lcs  sleep, 
i  occasionally  symptoms  exactly  resembling  tJjose  prwluced  by  atn>- 
ftiUow  tiic  aduiiuistnitiou  of  hyoscine,  csp*vially  if  large  doses 
finploye<J.  Slwp  genendly  lasts  from  5-H  hours,  and  the  patient 
nav  then  rttniain  in  a  s«imiiolent  condition  for  several  hours  louger. 
Aaagrooral  nile,  after  small  doses  no  confue^ion  is  c<:)mplain(?d  of  on 
«»ikining,  hut  dryness  of  the  thn»at  and  thirst  are  often  present, 
do  not  cause  dee|ior  sleej>  but  give  rise  to  delirium  and 
mbling  those  following  atmpine. 
ootf  or  two  cases  collapse  ba^  be»-n  obser\'ed  after  scopolamine, 
tasn-motor  and  respiratory  centres  do  not  seem  to  Ik*  stimulated 
a»»  by  atropine,  the  bUxwl-pressure  falling  and  the  respiration  generally 
ingsli>wer  fpim  tlie  Ix'ginning. 

tl»e  lower  mammals  scoptilamine  reduces  the  excitability  of  the 
nritfir  area**  as  tested  by  electric  shocks,  while  the  reflex  excitability  iu 
Iff 
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the  fro>f  H  not  increased  as  by  atropine.  Hyosclue  ap[»eiirs  to  be 
excruUvi  or  (lostrovitl  in  the  tis-iues  much  more  rapi<Uy  than  atropine, 
for  its  eflecl^i  lust  a  shorter  time. 

The  action  of  hyoscine,  then,  seems  to  eorrertpoud  with  that  of  aU>^ 
pine,  save  that  the  central  nervous  system  is  here  deprvSHeti,  wbtte  llie 
action  on  the  |)eripheral  nerve  ends  is  stronger.  It  depresses  tiiebpjin 
in  very  small  quantities,  J  mg.  (^-j^  gr.)  l>eing  generally  sut!icu*ut  \o 
cause  sleep.  It  does  not  seem  to  be  so  dangen>iLs  as  the  tfthors  of  the 
series,  for  a  dose  of  5  mga.  (y'j  gr.)  h;i8  l>een  recovereil  fn>m  in  iiwti» 
and  over  half  a  gramme  (7J  gi^*)  administered  to  a  small  cat  ilid  uot 
kill  llui  animal.  A  certain  degree  of  tolerance  is  prixliieed  after 
repeated  use,  so  that  the  dose  lias  to  be  increased  after  a  week  or  two. 

It  must  be  n^mirketl  that  the  action  of  liyoscinc  as  a  hypnotic  differs 
considerably  from  that  of  opium  and  of  tlie  members  of  the  mctliane 
seripfl;  it  is  very  much  less  reliable,  and  the  slei^p  produced  n*s<Mublc3 
much  more  nearly  natural  sleep.  This  diHereuce  has  not  l>een  explained, 
but  it  seoms  probable  that  thi?  scat  of  action  differs  in  all  ttiree. 

The  Other  Natural  Alkaloids  have  been  less  carefully  examin<*4l  than 
the  three  foregoing;  such  mixtures  as  duboisine  of  ooui>e  combine  the 
elfecLs  of  their  wjastitnenLs.  The  pseudo-hyopjcyamine  of  Merc^k  s^^^-ms 
to  be  very  feebly  active,  cauain^  dilahitii>n  of  the  pupil  on  h»cal  appli- 
cation, but  having  little  or  no  effe<it  whf^n  given  intenKdly. 

Among  the  Artificial  Tropeines»  only  one  has  received  much  attention 
at  the  liands  of  either  exjxiri mental  or  practical  therapenti-:t>*.  Thi« 
is  Homatroplne,  a  oom|)ound  of  tropine  and  mandelic  acid,  which 
is  found  to  bp  Ifss  poisonous  than  atropine  but  to  resemble  it  in  tht 
symptoms  produce<l  by  an  ovenlose.  The  mydriatic  eft'eets  pass  off 
much  sooner  than  those  produced  by  the  usual  stdutions  of  atropine, 
and  are  said  to  appear  more  rapidly  and  to  be  less  complete.  It  was 
formerly  supjiosed  that  homatropine  caused  no  increase  in  the  intra- 
ocular tension,  but  this  has  been  shown  to  be  erroneous,  altliough  it  is 
less  active  in  this  direction  than  atropine. 

Several  other  tropoiucs  have  been  cxamineil  by  Falck  and  Gottlieb,  who 
fourul  that  they  vnrieil  a  great  deal  iu  their  action  on  the  lower  animals. 
Many  of  them  protluce  no  pnnilysis  of  the  oculomotor  or  the  vagus  termi- 
nations, while  others  act  here  in  the  same  wuy  as  atropine,  but  dilfer  from 
it  in  XH>wer.  It  may  bo  Rtated  that  in  genenil  tlie  eoni|)ounds of  trupine  with 
the  aeids  ot  the  mothaiie  neries  posscsH  much  less  of  the  peripheral  atropine 
action  than  the  other>*.  It  was  formerly  believed  that  even  the  com]touiidR 
with  the  ar<miatic  acids  were  devoid  of  "this  uctiou  unless  the  acid  posaessed 
a  hydroxyl  gmup,  but  this  geiiend  statement  bus  U-eu  shown  to  lie  erro- 
neous by  Gottlieb's  work.  A  considerable  variutiuu  also  exists  in  the  eflects 
of  the  tn>peiiie*4  on  the  central  nervous  system,  »ome  aiusinf;  excitejnent  lifca 
atropine,  while  oihen  act  na  deprftHAantx  and  therefore  resemble  hyo*winp. 

As  has  l>een  mentioned,  many  of  the  tropeines  cause  no  paralysis  of  the 
vagtirt  inhibitory  U'n^iiuitions  but  they  often  act  as  stimulants  to' the  frog*s 
htiart.  Tropine  itself  i*,  ^  weakly  toxic,  basic  substance,  which  in  lai-jre 
quantities  possesses  ibis  cardiac  action,  but  does  not  paralyze  the  \'afrus  nor 
the  oculomotor  terminations  on  local  application.  After  the  injection  of 
largo  quantities,  dilatation  of  the  pupil  has  been  obsen-ed,  it  is  true,  but 
does  not  seem  to  be  of  the  same  origin  as  that  produced  by  atropine. 
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tiftrUI  Brojvolcinra  have  l»ecn  oxnniined  ret-enlly  by  Kcliiller,  who 
Ihoy  tlitRTfil  t'nim  81-ojiolnmiiio  in  l)oiiig  devoid  of  ai'liun  tm  the 
ynnmU  111  thi-  (m[iil  and  heurL  aud  f»n  the  Hulivan'  sccretiun.  Tlu-y  jHWiesa 
gr^f  '•<  -""••iUuit  firtft  nri  thf  Uuart  mu»i-le  like  wime  of  the  artiticial  tropeiiiM, 
ui*!  triort' nr  IwjHdepreswionortho  central  nervous  nyrtem  and  narcotiU. 

y.. » .  tJJi'iSE  (P'.umydrin)  itt  nn'u\  u*  |M)H.ses.s  the  |K>rijduTaI  action  of  utro- 

|HA>-  »itb<inl  it*»  I'ft'ectft  un  the  central  iktvou.**  system.     It«  t'tfccU*  on  tliu  pupil 
in  I  |icr  ctiUU  itulutioii  appear  ;wH>iier  and  art;  \c»a  la.iting  than  those  of  atrojtiiiv. 

Tlie  action  of  the  Crude  Drugs  is  very  similar  to  tliat  of  the  active 

|)riiii'i|iii?<  airt-july  (ILsi'uhscmI.     TIii?  peripheral  aotiitn  ol*  all  of  them  is 

llimforv  almost  identical  in  kind,  though  varying  in  degri-e.      In  i-oii- 

Hderinj;  ilwir  effeets  on  the  oentral  nervous  system  it  must  be  remem- 

tfTttl  that  thtiso  containing  much  atropine  are  more  stimulant,  those 

witlihyii-cine  nriore  fee<lative.      In  hrlladonna  preparations  the  ijnanlity 

"f  Iniwcyaniine  varies  a  gcHxI  doid,  and  it  is  said  that  no  atropine  is 

prewnt  ia  the  frtsh  plant,  !)Ut  that  during  the  various  pr<ice.s.ses  of  ex- 

iHu.'tiitfi  w»nie  or  all  of  the  original   Iiyoseyamiue  lx*come6  changed  to 

liripiue ;  the  relative  pro|>ortion  of  tluwe  two  iwihohh  prokdily  varies 

in  liiftmiii    prciuirations,   therefore.     In  hyosoyamus  and  !?c<)|M)la  tlie 

jirc«*!Dfle  of  •^•o|iolajnine  jiroduces  a  nuieh  more  narcotic  eifect  than  is 

obeyed  fn^m  belladonna,  while  datum  is  genendly  said  to  lie  less  seda- 

tmt  than  the  former,  but  les^s  stimulant  than  the  latter.     Duboisia  aUo 

nms  mtJicr  se<lative  than   stimulant,  but  its  action  antl  that  of  its 

•HsiJJed  alkaloid  munt  vary  considerably,  since  the  latter  couMStij  at 

|»i»e  tiDie  of  hy<iscine,  at  another  of  byoscyamine.     Mandragora  con- 

'Tvoscyamine  and  hyoAcine  proljably  resembles  hyoscyajuus  in 
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r^nirf'im  liffhhiontvr  Rwlici/,  O.Oft-0. 1  c.c.  {\~1  uiin.i.}. 
.tN'lMEKTrM  ItKi.i.AnoNS.V,  conlaiiilng  caniphnr. 

raaui.  >lie  lenveH  of  HvoscvaniUii  nigcr,  henbane. 
riM  Hy«»kyami.  O.o.VO.2  0.  (}-.*tgrH.). 
iW</7«  Ifytmrijnmi,  O.S-I  c.c.  (5-15  inins.). 
im  KA  Itvi^MVAMi,  1-4  CO.  (ir>-*;0  mint*. ). 

the  dried  leaves  of  Datura  f^tranionium, 
rwwnw,  O.OI  O.  {\  pr. ). 
Str^imonii^  0.5  c.c.  (I  min.). 
\  0.5  e.C  (B  inina.). 
if         ^        i-'nii. 

iLA,  ihe  dried  rhiwime  of  Scopola  camiolica. 
.ScofK^JF,  O.OI  a.  (4  pr.). 
tijfjtnuium  Nvi/Wir,  0. (I.'i  c.c.  (1  min.). 
r. — BeUftdonilB  Folia,  the  fre#h  Irares  and  hrancheB  of  Atro^m  BelU- 

Krfnteitrm  fftlhufnuuir  Viride^  \—\  gr. 
/Miadtmwr,  r»-ir>  niLua. 

Badix,  the  niot  of  Atropa  Belladonna. 
TBJICTDM  Belladoxn  J5  Alcohomcctu  (1  per  ceiiL  of  alkaloids),  }--1  gr. 
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EXTRACTFM  Bellai>oxn«  Alcoholicitm  (1  per  cent,  of  alkaloids'),  KP* 
Extracium  Beltadoniuv.  Litfuidum  [\  per  fciit.  of  ttlkuloidfi),  i-1  miu. 
TixcTURA  Bkllaijonn.c  (A  per  ceot.  alkaloids),  5-15  miua. 

LiNlMKNTt'M  BKLLADONNA. 

Vngitentum  BeUadonnx. 
Kmplastkitm  Bkllai>onn.«. 

SupjHmitoiia  BeUadonnje,  each  containing  Vd  K^*.  of  ulkaluids. 
Hyoscyaznl  Folia,  the  fresh  leaves,  Howere  and  branches  of  HyoscyafflBt 
niger,  hi-nbane. 

KXTBACTUM  HYOSOYAMI  VIBIDK,  S-8  gTB. 

Tinclura  Nyosvyami,  J-l  fl.  dr. 

Succu8  Hyoscyami,  ^-1  fl.  dr. 

Stramonii  Folia,  the  dr'wA  loaves  of  Datura  Stramonium. 

Tinchtrfi  Stramonii,  Ti-lO  mins. 

Stramonii  Semina,  the  seeds  of  Datura  Stramoniuin. 

Extractum  Stramonii,  J-1  gr. 

Alkaloids. 

Atropina  (U.  S.  F.,  B.  r.),  un  alkaloid  (C.^H^NO,)  derived  fh>m  bell*- 
douna  mid  forming  white,  acicalar  crystals,  very  little  soluble  in  water,  but 
soluhlt;  in  alcohol  and  ether,  and  having  a  bitter  taste.  U.0005-0.(KU  G., 
i-lmp;.  (lir-iUgr.  B.  P.).  ^^  .      ^u 

Atuopin.«  Sulphas  (U,  S.  P.,  B.  P.),  a  white,  crystallvne  powder,  with  a 
very  bitter  taste,  soluble  in  water  and  alcohol.     Dose,  as  for  atropine. 

dfeahtm  Afrojnnre  (IT.  S.  P.),  2  per  cent. 

Unyuenfum  Atropina:  (H.  P.J,  4  per  cent. 

Lit^uor  Atropitue  (B.  P.),  1  per  cent.,  ^-l  min. 

Lamcitx  Alropi/uB  (B.  P.),  gelatin  discs,  each  containing  ^q^qo  K**-  ^^  atn^O^ 
suiphutc. 

HVOSCYA.MINE  is  uot  prufurable  in  even  approximately  pure  form  and  migtit 
wi'll  be  di^pfUBt'd  with,  as  it  oUcrs  no  advanUiges  over  atruplue. 

Ihjmryamina-  Suiphas  {V.  S>.  P.,  B.  P.),  ((C„H^0J^^ »J,  the  sulph*" 
of  an  alkiiUiid  tlerived  from  1 1  vf wcyamus  niger.  A  crystalline,  deliquw*** 
powder  wilh  a  bitter  acriil  la.**le,  very  soluble  in  water  and  alcohol.  0.WW6' 
0.001  G.,  i-lmg.  (lio-fl'ogr.)- 

Jiyoaeyaminrt  Hydrobrvmidam  (U.  8.  P.),  the  hydrobronude  of  hyt>* 
resembles  the  sulphate  in  most  points  but  ih  not  deliqucstx-nt.      Dotse,  ■.\' 
sulphate. 

Hyoicinw  Hydrubromidum  (U.  S.  P.,  B.  P.),  (C,^H  NO^HBr.SH.Oi.  thf  trrifO" 
bnjmide  of  hyofcine  or  scopolamine.     It  is  obtainefl  from  liyoswyamu'. 
and   other   Holanace^,   and  fonn«  colorless,  transparent  eryaials  with  nn 
bitter  ta.'ite,  and  is  very  soluble  in  water,  less  so  in  alcohoK     0. 0003-0. 0*HH»  u- 
H  '"g-  (sArr-T^ngr.). 

xScopolamina-  Hydrobromidum  {U.  6.  P.)  is  identical  with  Hyoecine  hytlrolirw- 
mide. 

IlOMATROPIN.K    Tl  V  hKuHKOMrDrM    {V .  H.  P.,  B.  P.),   <C„H.,NO,IIBr .  ll>^ 
hy<ln)bromide  of  an  filkiilt*id  prepared  fmni  tropine  by  condensation  wiib  nval* 
delii.'  (oiyl*^liiic)  ac  id,  a  white  ery^talline  j'owder  wilublc  in  fi  pari**  of  cold  *^^^ 

Lamdht  Uomatrapinn:  | B.  P.),  homalropine  discs,  each  weiglung  5*5  gr.  «w^ 
containing  .^  gr.  of  homatropine  hydrobmmide. 

Therapeutic  Uses.  —  The  numerous  changes  prodticed  by  atronioe 
its  congeiiern  on  the  orgaiiisrii  would  indicate  for  them  a  very 
sphere  of  usefulness  were  it  possible  to  elicit  their  uelmn  on  one  organ 
witlioiit  alTertin^  others  and  this  <lifTiritliy  may  perhaps  be  overcoooe 
in  the  futurf,  when  the  difteretit  indiv  i<(uala  of  the  series  have  been 
more  carefully  con. pared,  and  new  tropeines  and  other  modifications 
of  the  tropino  radicle  are  available  in  therapeutics. 
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Vi^^  ^    ^  ^i^Vr  '     '^'^  *>f  ^^  whole  series,  as  far  as  it  is  at  present 

^^***    _t    ^^^    »\  tliat  auy  member  might  be  used  to  elicit  it, 

^''     •  nwov^^^ft        T^   ^^  oorae  into  ^neral  ui^e  for  its  peripheral 

effcc*^)*.  i:,ao  t»'»^    The  purposes  for  which  atropine  is  employed  may 

^''^''^0x1^"*^^^  as  foIUiws: 

'°-^V\  Aprov  *-4^  Secretions.  —  In  rare  cases  of  excessive  mthatinn 
fcl^.'P^"';  .  '^  of  service,  bnt  it  is  much  more  frequently  use<l  to 

^■0  lH«  I  ^^''*^*ou,  especially  in  the  later  stages  of  phthisis.  For 
^  purp"^  ^"^Uarutively  small  quantities,  such  as  J  mg.  (j^q-  gr.) 
pvco  hy  ^^  ,  '  ^th  or  hy|»odcrmically  are  generally  sufficient,  or  the 
niract  or^  tmclure  of  belladonna  may  be  used  instead.  In  local 
nwcatingt  *J  **  ^ften  applied  locally  in  the  form  of  an  ointment,  lini- 
j^t,  or  plW^r,  nlthoiigh  Tap|>ciner  has  found  that  it  has  no  effect 
jhcti  thus  employe*!.  Atropine  is  also  used  to  arrest  the  secretion  of 
ihf  n»/^'i  **^'  *hUoiigh  it  has  not  the  immediate  effects  on  the  mammary 
it  it  jw**ei8e3  OD  the  salivary  glands,  the  secretion  is  diminished  and 
lily  ceaw3  under  its  influence,  which  prevents  the  gland  rec<»iv- 
any  iitimiilntioti  from  the  central  nervous  system.  Belladonua  is 
lly  apiiHtnl  lf»oally  for  this  purpose  in  the  form  of  the  plaster,  or 
cfKnniDnly  as  the  ointment  or  liniment. 
To  Paralyse  the  Cardiac  Inliibitory  Terminations.  —  For  this  purpose 
%  *Irght)y  IjrjfiT  (niaritity  is  required  than  is  necessary  to  stop  the  secre- 
tion*, and  the  admiuLstration  of  sufficient  atrnpine  to  paralyze  the  valgus 
(I  mg.)  theafore  involves  unpleasant  dryness  of  the  throat  and  diffi- 
oiltf  in  swallowing.  Id  cases  where  slowing  of  the  heart  tends  to  be 
J.  ill  itself,  more  i>*pecially  in  jx»isoning  with  certain  substances 

b-  -<k1  later,  atropine  is  indicated.     It  may  also  be  used  for 

^i^l^oosiic  puqio^^e^,  to  tind  if  bradycardia  is  due  to  disease  of  the  heart 
Bwcjff  or  to  inhibition.     It  may  be  repeated  here  that  the  resultant 
fflirkeoing  is  much  less  in  old  than  in  middle-aged  people,  and  it  is 
Mid  that  in  many  cases  of  old  valvular  lesion  the  administration  of 
atroptae  is  followc<l  by  little  or  no  acceleration.     Some  forms  of  inter- 
mknoa  of  the  pulse  are  due  to  unusu.il  activity  of  the  inhibitory  np}>a- 
lilaiyaDd  tliese  may  be  remedied  by  atropine;  but  this  intermission 
fUsmmtA  little  importanoc,  and  seems  to  require  no  therapeutic  treat- 
tUBO/L     Atropine  may  be  us<hI  to  diagnose  it  from  the  more  significant 
ftnns  present  in  organic  disease  of  the  heart.     The  use  of  atropine  to 
paralyze  th«  vagus  terminations  before  tlie  administration  of  an  ana^s- 
rbecie  has  been  discuAs^Hl  alren<ly.     (See  page  l"*).") 
To  FanUyM  the  TerminationB  of  the  Motor  Nerves  in  the  Iris  and 
Muscles.  —  It  is  ust^d  for  this  pnr|)OM!  largely  in  ophthalmology 
ft  meani*  of  diagnosis  and  of  treatment,  and  the  precise  conditions  in 
lidi  it  is  indicated  may  be  treated  better  in  text-books  on  this  sub- 
tlion  here.      For  these  objects,  solutions  of  the  alkaloidal  salts  are 
dly  applied  to  the  conjunctiva,  when  enough  of  the  alkaloid  passes 
\U>  iIm?  eVf  by  a  process  of  imbibition  to  produce  marked  local  effects 
>ut  affecting  more  distjmt  organs.      In  order  to  dilute  the  pupil, 
\f  dilute  solutions  are  used  ;  a  few  drops  of  a  solution  of  one  in 
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1,000,  or  even  of  one  in  10,000,  are  quite  sufficient.     Much  ^iumm 
solutions  are  requinxl  to  paralyze  the  accommodation,  and  as  aet^ral 
rule   1    per  cent    is  ii^ed.     The^  strong  solutions    procluce  corunirt* 
paralysis  in    1-1 J    hours,  and    the  accommodation  docs  not  rt-mvef 
completely  until  aft^r  5-7  day.,  while  the   pupil   may  not  mrain 
nonnal  size  for  10-14  days.     Ihe  appho^ition  of  even  weaker Ttror 
Bolution  renders  the  sight  imperfect  for  an  inconveniently  lone  iJiod 
and  hyoscine  and  homatropiuc  are  tiierefore  much  ns<'d  in  \\l?,\Ji 
The  symptoms  produced  by  a  1  per  cent  Rolution  of  liomatitinine  d» 
off,  or  at  any  rate  become  very  much  less  marked  in  the  Course ofM 
hours.     These  are  consetiuently  preferable    for   diagnostic   p.,n»o.«. 
while  atropine  is  rather  to  be  used  where  it  is  desirable  to  pn  J.kv;^ 
paralysis  of  longer  duration,  as  m  vanous  inflammator^-  condiiion^.Tf 
tlie  iris  or  cornea.     Atropine  Is  also  preferable  where  complete  paralyiiii 
of  the  accommodation  is  necessary,  as  homatropine  often  fails  to  cJit* 
this.     Atropine  and  its  congeners  are  contraiudic-ated   where  tlwre  L* 
any  suspicion  of  glaucoma,  as,  owing  to  their  action  on  the  inlmwular 
pressure,  they  may  either  aggravate  the  disease  alreadv  pres^ent  orpirv 
cipitate  an  acute  attack.    When  dilatation  of  the  puiiilia  necessanaDd 
there  is  reason  to  apprehend  the  n-snlts  on  the  intraocular  prtssure, 
homatn)pinc  aliould  be  employed  as  its  effects  can  be  readilv  contn>IIwl 
by  eaerine.     Numerous  cases  of  poisoning  have  arisen  Uxm\  the  exieo- 
sive  use  of  atropine  in  dJseaseil  conditions  of  the  eve      It  is  oAdi 
asserted  that  it  passes  down  with  the  tears  through  the  lachrvraal  due* 
and  is  absorlxd  from  the  nose,  throat  and  stomach,  but  as  a  maH^rof 
fact  it  may  he  al»sorlH;d  from  the  conjunctiva  its<df.      The  svraptoiM 

are  generally  only  the  milder  ones  of  atropine  poi^ioning drvnestof 

the  throat  and  slight  excitement — but  dangerous  and  even  fatal  ixii'OO- 
ing  has  aNo  arisen  from  its  IcMid  application.  In  manv  ta«esthi?* 
due  tij  tlie  application  of  unnecessarily  strong  solutions  to  the  eve  holL 
on  the  other  hand,  some  patients  seem  abnormally  sensitive' to  I 
action  of  atropine,  antl  hyoscine,  or  Wtter  lummtropine  oriffht  to 
pri^ferrctl.  In  rare  cases  a  curious  inHammatory  condition  of  tlie  coo-" 
junctiva  is  set  up  by  atropine,  and  this  Is  often  supposed  to  bo  (hiP*i» 
the  use  of  irritant  preparatioua,  but  sometimes  seems  to  follow  llw 
application  of  the  absolutely  pure  alkaloid,  and  is  apparently  an  idio- 
syncrasy ;  it  may,  perhaps,  be  explained  by  the  arrest  of  the  oniin.nn' 
aefTetifins  of  the  lachrymal  gland  tmd  conjunctiva  in  thi-se  viet^ 
Sometimes  discH  of  gelatin  impregnated  with  atropine  or  homatntpiu'' 
sulphate  (B.  P.)  are  applied  to  the  conjunctiva  iustead  of  solutiousof 
the  salts. 

To  Relax  Spasm  of  the  Intestines. — In  various  forms  of  colic  atro- 
pine is  of  very  great  service  in  lessening  jmiu  and  allowing  the  nissafij^ 
of  the  intestinal  contents;  for  instiuice,  it  is  preferable  to  morphine  ifl 
lead  colic,  as  it  does  not  cause  constipation.  Hernia  and  volvulus  nf* 
sometimes  re4luced  by  atropine  injected  hyp<Klcrmically  (\\  mp,  mf  ,V 
gr.).  It  is  often  preseribetl  along  with  purgatives  in  order  to  lesseP 
the  griping  which  they  produce,  and  has  been  used  as  a  lazfttive  \A 
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wtw*  forms  of  constipation  with  considerable  success.  For  action  on 
lhclN>\v(*l  it  ia  gentsrally  prtwcribetl  iu  pill  form  as  one  of  the  extracts 
of  IrllaJrtnna  or  hyosoyamiis.  The  object  of  prescribing  an  impure 
iirrparaiion  instend  of  the  alkaloid  is  to  allow  of  a  strong  local  action 
hIoiie;  the  intestinal  wall  along  with  a  slow  and  imperfect  absorption, 
tttiir:  pure  alkaloidal  salts  are  liable  to  be  absorbed  in  the  stomach. 

To  B«lax  Spasms  of  the  Involuntaxy  Muscles  of  Other  Organs.  —  lo 
theipciam<nlic  contraction  of  the  ureters  and  bile  ducts  due  to  r-alculi, 
Btnipiue  is  occaisionally  prescribed  either  in  the  form  of  a  pill  or  in 
loliuion  for  internal  use,  or  by  hy|H>dermic  application.     In  some  forms 
fif  asthma  due  to   ci>nlniction  of  the  bronchial  muscles,  atropine  has 
luteii  applied   locjilly   by   m<iuia  of  a  spray  or  ^iven    internally,  and 
itrwrnmiura  leaves  are  often  found  of  benefit  when  made  up  intn  cigar- 
ette* arnt  inhale<l  when  fche  attack  comes  on  ;  the  smoke  has  l>cen  shown 
to  oootain  nmall    <|uantities  of  the  alkaloids.     Some  cases  of  asthma 
■re  said   to    have   Imx-u   f)ermanently  cured    by   treatment   with    atro- 
frinp  internally.      An   ointment  of  atropine  has  also  l»een   applied  to 
the  cervix  uteri  with  the  hope  of  relaxing  spasm  during  labor,  but  the 
nsslts  are  somewhat  questionable.     Perhaps  this  action  in  relaxing 
nifliodie  contractions  of  nervous  origin  may  also  explain  the  beucficial 
MmIi  obtained  in  eases  of  incontinence  of  urine  in  children  in  which 
WioflnTiMii  has  long  Iwcn  the  most  reliable  remedy. 

To  Lessen  Pain.  —  Belladonna  liniment,  plaster  and  ointment  have 
liiog  enjoyed  a  c^msiderable  reputation  as  local  anmlynes,  and  atropine 
hmB  not  infrequently  been  injected  into  painful  areas.  This  atKnlyne 
■edon  is  very  weak  compared  wiih  that  of  cociiine,  however,  and  the 
piv|ttratioD8  of  atropine  have  been  less  used  of  late  years.  In  some 
Ibrms  of  gastralgia  atropine  has  also  been  suggested. 

The  Effects  on  the  Central  Nervous  System  of  the  members  of  this 
•  ry  different,  and  the  purposes  tor  which  they  are  use<l  are 
V  opposite*.  Atropine  is  wm^  as  a  stimulant  in  various 
CDodiiious  oi  depreision  of  tlie  brain  and  metluUa  oblongata.  Thus, 
in  collapsf.-  its  hypixlermic  injection  may  be  of  nsc  to  stimulate  the 
reaptratnry  and  vaso-constrictftr  centres,  and  at  the  same  time  to  free 
tbir  brart  from  excessive  inhibition.  In  dungenms  piisoning  from 
Mtcotie  and  hypnotio  drugs,  more  especially  in  opium  poisoning, 
Btnipiue  bos  U^en  largely  used.  A  hmg  anil  weary  ilispute  as  to  tlie 
%iilue  of  alnipine  in  those  cases  has  been  carried  on,  for  the  history  of 
which  the  reader  is  referre<l  to  the  recent  paper  by  Hashforil.  The 
"''•ale  that  atropine  isi  useful  in  nior[»liitie  jH>isoning  through 
:  (he  respiratory  centre,  which  is  the  danger  [mint.  But  it 
Bust  be  employed  in  small  (quantities  (1.5  mg.  or  -^  gr.),  as  large 
dotea,  soch  as  have  fre<:|uently  been  advised,  tend  to  depress  the  central 
B«rvoil8  s>*sfeni  and  thus  to  aid  rather  than  to  antagonize  the  action  of 
marphine  on  the  respiration.  It  may  be  questioned  whether  in  any 
11  OBte  atropine  may  not  be  n^plaoed  by  caffeine  with  advantage.  The 
Bfonoier  stimulates  the  medullary  centrej*  but  subsetpiently  paralyzes 
H|bctn,  while  caffeine,  even  in  comparatively  large  quantitic-^s,  does  not 
^Beem  to  have  a  depressant  action  in  man. 
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Atropine  at  one  time  bad  some  reputation  in  the  "tt=^^ 
lepsy.  It  has  been  shown  both  clinically  and  experitra^i^ 
reputation  was  undeserved,  the  number  of  attacks  ^■m=:m. 
being  rather  increased  than  diminished  by  its  exhibitioKis.  , 
powers  arose  from  the  use  of  impure  preparations  cor**^ 

In  some  spasmodic  diseases,  such  as  whooping-eo^Ji 
preparations  have  long  enjoyed  a  wide  reputation ;  a  I>*^ 
tion  is  that  the  hyoscine  may  allay  the  spasms  by  reclti*^^ 
bility  of  the  respiratory  centre. 

Hyoscine  or  scopolamine  has  been  used  as  a  narcofci*'  ^ 
central  nervous  system;  it  is  of  great  eflBcacy  in  ins^ni' 
sound  and  refreshing  sleep,  but  is  of  less  value  in  controIiiJ 
ment  during  the  day,  and  may  in  fact  increase  it  Uy*^ 
used  with  benefit  in  various  forms  of  tremor  of  centrai  o' 
said  to  lessen  sexual  excitement.  Its  hypnotic  action  dot 
to  be  of  the  same  nature  as  that  of  opium,  for  in  sleepi* 
duced  by  pain  it  is  of  comparatively  little  value,  and  it  ha 
to  relieve  pain  itself.  It  differs  from  chloral  in  not  prodi 
sleep,  for  patients  under  the  influence  of  hyoscine  can  always 
and  are  much  less  confused  than  after  choral.  The  special 
for  hyoscine  seem  to  be  sleeplessness  due  to  abnormal  acti^ 
motor  areas  and  some  forms  of  tremor. 

Comparatively  recently  morphine  and  hyoscine  have  be 
as,a  preliminary  to  surgical  operations,  but  as  a  general  ru 
oosis  induced  is  insufficient.  As  a  preliminary  to  the  use  o 
procedure  seems  to  be  of  value,  an  much  less  of  the  anaest 
quired  ;  10  mgs.  (J  gr.)  of  morphine  and  0.3  mg.  (^Jr  &^')  ' 
are  injected  two  hours  before  the  operation. 

Poisoiiing. — In  cases  of  poisoning  with  belladonna  and  it 
treatment  is  purely  symptomatic.     In  the  excitement  st£^< 
may  be  used ;  perhaps  chloroform  and  ether  are  best,  as  tl 
are  more  transient  than  the  others.     Morphine  has  been  ai 
its  action  on  the  respiratory  centre  renders  its  use  dange 
severe  atropine  poisoning  the  stimulation  soon  passes  into 
and  the  effects  of  the  poison  and  its  so-called  antidote  the 
pleraent  each  other.     Chloroform  and  ether,  on  the  other 
be  used  to  control  the  spasms  and  then  stopped  when  the* 
In  the  depression  stage  caffeine  may  be  used,  and  eventual 
respiration.     Pilocarpine  is  of  course  useless,  as  it  does  not 
atropine  in  the  brain,  which  is  the  point  of  danger. 
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Agaricin.^ 

TCte  Agaric  (Agaricus  albus,  Boletus  Laricis),  a  fungus  growing 
on  ilie  European  larch  tree,  wa.s  formerly  a  purgative  and  antlhyilrotic 
*>f  some  repute.  Its  u.se  to  lessen  the  ixsrHpinUion  (autihydrotic)  has 
htm  revived  of  late  years,  or  rather  a  preparation  known  as  agariciu 
**]  containing  the  active  principle  has  been  introdticed  into  thera- 
peutics. Agaric  or  Agaricinic  acid,  the  active  constituent,  belongs  to 
tiie  malic  acid  series  and  has  the  formula  C„H^(OH)(COOH)j. 

Action. — Both  the  acid  and  its  sodium  salt  irritate  the  mucous  mcmbmnea 
■•ti  woundeil  surface.**,  uad  i-uuse  inllumiuaLiuu  and  evi'ii  Huppunttiuit  when 
liyected  subcxitaocoujily.  Liir^e  quantities  irritate  the  stomach  ttiui  inteittiuo 
udcuuae  vomilinjct  and  purging,  but  the.do  are  more  liable  to  arUe  Fnun  tlio 
i^tnuv  ogaricin  owing  to  its  containing  re.sinous  acidB.  Injeot-fd  into  tiiu 
'f'*,4givric  acid  paralyzes  the  central  nervous  system,  weakens  the  heart 
w  Aopa  the  secretion  of  the  skin  glands.  In  mainmalH  the  iiitravenouB 
QJccUob  or  aguic  acid  la  fuUowod  by  depres.<iion,  weakne.«w,  dy^pncpa  and 
■lath.  The  medulla  oblongata  is  first  atimiilat<^d  and  then  paralyzed,  as  is 
^bown  by  the  blood-pressure  first  rising  aud  then  fulling  to  zero,  while  the 
w«rt  is  primarily  slowed  by  inhibitory  action  and  later  regains  its  rhythm, 
*»wc'ntiiatly  fail  after  the  arrest  of  the  breathing.  Animal's  ran  only  be 
Pwwiwl  with  dillioulty  by  the  Rubeutane(Mis  injection  of  agariein^  and  no 
^vnX  symptoms  are  elicited  when  it  is  administered  by  the  muutli. 

The  most  interesting  featui^;  of  tlio  action  of  agaric  salts  is  the  arrest 
^^  the  sweat  secretion,  which  is  caused  by  peripheral  action,  for  stimu- 
Jitionof  the  nerves  of  the  cat's  foot  fails  to  elicit  perspiration  after  its 
C'prtion.  It  thiw  acta  on  the  same  |K'ri|>lieral  mechanLsiu  as  atropine 
"*al!  probability,  that  is,  on  the  terminations  of  the  secretory  nerves, 
iMt  diSers  from  atropine  in  acting  only  in  the  sweat  glands,  for  the 

'Aipmcin^oes  not  resemble  atropine  in  itA  general  action,  nor  in  iLseliemicAl  prop- 
ote^  bat  it  oiay  be  inserted  at  this  point  until  these  are  nior«  fully  elucidated. 


>ir  AFTER  ABSORP^ 


..=■  ^-v  uot  hindered  by  it 

:t. -uuisea.     It  is  also  de 

."  .'.-urt  and  pupil.     Atroj'z^^: 
.    .1-4,  .It  least  twenty  times  a^  .^bs 
--?,    -x  ^weat  secretion. 
-  _     .    ae  night  sweats  of  phthL  rir 
,  -.ti-iiiy  given  in  pill  form  in    ^^ 
w^crvial  agaricin  often  contaiim  ■=. 
'  ,    .    jff  -o  be  given  in  larger  qiiaix    " 
s,ia  v:th  small  doses.     Toleran< 
-.    iitx  die  dose  has  then  to  be  in< 
r-'    iw  nills  are  taken  0-6  hours  b 
..»-v   ab^rbetl.     If  agaricin   cau 
^j   .  tiaiy  be  given  with  opium,  but     — ' 
■  »«■!   s  to  be  avoided,  the  remedy  o 
_«  ^cii  disturbance  arises. 
^  u>?  atropine  and  camphoric  acid 
-.   "^^.-^lu^  the  latter  tends  to  cause 
•li -uius  when  it  is  given  for  some 
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Xm.    COCAINE. 

.    ^      *.i»fiA«EiYe!y  recent  addition  to  therapeu't 
...»    ac-  Av«  in  use  in  South  America  for  cenfci 
.^    .t  .*.  Hit  ta:*  been  introduced  into  India,  CeyL  <_ 
:H  >\ti  grown  in  Peru  and  Bolivia  co 


^i.,,.  ^aautiiiw  of  other  alkaloids,  but  the  Iitlciz 
^     ^     t    .>»:t  \i»ves  contain  a  smaller  proportion  of 
.,  :  •-.  H  :w  loss  known  alkaloids. 
V.   4t.r».*^Hno.  is  readily  decomposed  into  seve  .m. 
,    !..*::.»»:  :5  with  water,  methyl  alcohol  is  throwi"m 
...   :*,i«»hioh  maybe  further  broken  up  into     H 
.  w  4  v*  rt\n«o  tkrivative. 

■k  v»i  ■■  "J**.  Cocaine. 

..    ...    -  ciicoou  ciij— on  — cH-coocii, 

N   ■'.■■.  i'h-oh  N(cn),ciro-co-C-¥»" 

*  I  I       1        '1 

.,    .H      Ki\  cir-cir — cii, 

^  .,  .»»>V  of  being  changed  in  several  diflbrent  parts 
^  *^  M*  ^  %  M    /r  prv>i>yl  may  be  substituted  for  the  methyl 

,  :*  A  *«'-^  ^**'  roplii('«<l  by  various  others,  such  as  cinna^  ^^       ^_ 
r  *  ■   K'**'  rtH'uines  have  been  formed  in  this  way,  au*M    _^^^- ^^cr-^c:^^-' 
*■"  •  Jr.^v  "Svu  found  in  the  cultivated  plant,  as  for  oxftM"^-^^*^^^.  .5^^      :mJi 
'^w  w^vh  oiniiamyl  occupies  the  position  of  benzoyl  i**       _  .^_— ', 
^  ^  .^^.^^  »»lhiT  alkaloids,  such  ua  Cocamiae,  Isococamin*^,    —    ^ 


nost  important  effects  of  cocaiuc  are  those  on  the  ccoira]  nerv- 
eiu  and  on  the  wnsory  nerves. 

boms. — Tbe  symptoms  of  cocaine  poisoning  in  man  vary  a  good 
dificrcnt  individuals.  In  nio^t  cases  small  quantities  produce 
citeraent,  pleasurable  or  disagreeable.  The  patient  is  f^ener- 
less  and  more  garrulous  than  in  ordinary  life,  oftec  somewhat 
and  winfnsed.  But  verj*  often  a  small  dose  is  followed  by  a 
nguorous  state,  somewhat  resembling  that  induced  by  small 
es  of  morphine,  but  difterin^  from  it  in  there  being  less  (end- 
sleep.  The  pulse  is  acccleratcil,  the  respiration  is  quick  and 
le  pupil  generally  dilated,  and  hea^lache  and  dryness  of  the 
re  often  complained  of,  Tlie  reflexes  may  be  found  somewhat 
sily  excito<l  tlian  usual  and  tremors  or  slight  convulsive  mo\*e- 
iften  occur.  Later,  powerful  tunic  or  clonic  convulsions  super- 
le  heart  becomes  extremely  accelerated,  the  breathing  becomes 
D<1  dyspnoeic  and  may  be  finally  arrested  during  a  convulsion, 
r  cases  the  convulsive  seizures  are  almost  entirety  absent  and 
'  and  collapse  occur.  Tbe  skin  is  cyanotic  and  cold,  the  heart 
d  weak  ;  the  respiration  is  very  much  depressed  and  death  fol- 
i/a.  its  gradual  ccti^tion.  Vomiting  is  occasionally  seen  at  ou 
Be^  but  is  not  by  any  means  common. 

le  d(>g,  rut  and  r.ibbit  tbe  symptoms  arc  invariably  those  of 
lion  of  tlie  central  nervous  system.  St»on  after  the  injection, 
ntd  shows  symptoms  tif  great  restlessness  and  excitement ;  it 
unable  to  ket^p  still,  the  dog  at  first  showing  all  the  signs  of 
n  and  excitement  which  he  displays  on  ordinary  occasions  on 
Dchnined  or  taken  for  a  walk,  but  afterwards  running  cimtinu- 
a  circle  and  paying  but  little  heed  to  anything  around  him. 
icr  regidar  convulsions  occur,  and  these  are  at  (irst  clonic  but 
^rwanls  become  tnnic,  and  then  resemble  those  seen  in  strycb- 
iaoiiiQK.     £veu  before  the  convulsions  appear  the  animal  seems 
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lalioD  there  siicoeedfl  depression,  which  follows  the  stimulation  down- 
wards. afTecfing  first  tlie  cerebrum  and  tlicn  the  lower  divisions.  The 
fw(t  i»(op^  are  not  definitely  divided,  howuvor^  one  part  of  the  cei-c- 
hnira  often  shnwing  distinct  depression,  while  another  is  still  in  a  con- 
filioo  of  excessive  activity.  In  some  cases,  es|>eoialIy  in  man,  the 
of  excitement  may  be  very  ehort  or  apparently  absent,  and  tlie 
irfJe  «mr-<e  of  the  syniptoma  then  points  to  medullary  depression. 
The  Respiration  after  cocaine  is  much  accelerated  owing  to  central 
•linmlntion.  At  first  the  depth  of  tlie  movement  is  not  changed,  hut 
MS  liu'  accelemtion  progresses,  the  air  inspired  with  each  hivaih  gradu- 
ally beootnc's  less.  During  the  convulsions  the  respiration  is  irregular 
or  cttses,  but  it  recovers  again  in  the  iutervals,  until  after  a  very  vio- 
lent [Ul^>xv8In  it  fails  to  be  reInstatc<K  In  other  cases  the  breathing 
becoma  slower  and  weaker  atler  a  time,  and  eventually  stops  from 
panlysU  of  the  centre.  Periodic  respiration  is  fre(iuently  seen,  of  iho 
form  genendly  known  as  Cheyne-Stokes*.     (See  Morphine,  p.  213.) 

The  Circulation  is  altered  by  cocaine  owing  to  its  actiou  on  the 
benrt  nnd  on  the  vessels.  The  heart  is  much  accelerated  in  mammals, 
while  in  tht*  amphibians  tliis  is  less  oAen  observed.  The  quickening 
Imis*  bwn  a8cril>ed  to  paralysis  of  the  inhibitory  terminations,  but  this 
seems  not  to  be  the  case,  for  stimulation  of  the  vagus  slows  the  heart 
ev.  •  ill  the  poisoning.  The  heart  is  accelerated,  then,  either  by 
di  ;  a  of  the  muscle  or  by  stimulation  of  the  accelerator  mecli- 

It  is  tjften  sh)w  Wore  death,  but  apjiarently  not  invariably, 
this  is  probably  due  to  direct  action  on  the  muscle.  In  the  frog's 
bean  the  inhibitory  apparatus  is  paralyzed,  the  ganglia  being  aifected 
id  the  aame  way  as  by  coniine  and  other  drugs. 

The  vessels  are  much  contractetl  in   the  earlier  stages  of  poisoning, 

Antl  this,  ti»gether  with  the  increased  rate  of  the  heart,  leads  to  a  very 

oonaderable  rise  in  the  blood-pressure.     The  constriction  of  the  vessels 

•ems  partly  due  to  stimulation  of  the  vaso-oonstrictor  centre,  for  aec- 

lion  of  tiie  splanchnic  nerves  leads  to  an  immediate  fall  in  the  arterial 

trtuiuo.      But  cixraine  also  excrtnsei*  a  direct  action  ou  the  veiwel  walls, 

fiar  its   local    application    leads    tt»   constriction    of    the   vessels   and 

bbncbiog  of  the   mucous   membranes.     It  has  not  l>een  det«rmine<i 

MTrt  bow  far  this  direct  action  on  the  vessel  walls  affects  the  bloo<l- 

P'*5Murc  when  wn-uiiie  is  absorbed  or  when   ii  is  injected  intraven- 

"tt'Ir.     The  bloofj-pn'ssure  suh^iciiueully  fiillrt,  apparently  i^vxMw  |K.'riph- 

^  action,  if  Anrep's  assertion  that  stimulation  of  tlie  splnnchnic 

**«i  prmluocft  no  further  rise  of  pressure  Vm?  ciirroct, 

•Ttie  effii^ts  on  the  |>eripheml  Nerves  and  Moacles  are  disputed,  for 
■■waei.  :il  small  quantities  incrciise  the  strengtii  ^i{  tht_'  muscular 

*^tr^,  ,  electrical  stimulation  both  in  man  and  animals,  while 

"*wrn  (m%'(.  failed  to  obtain  any  such  effect. 

A-fb-T  the  injection  of  cocaine,  Anrep  observed  marke<l  pallor  of  the 
^^•tine  and  powerful  peristalsis,  Avhilc  very  large  doses  causeil  dila- 
^***~»ii  of  the  mcs<'nterio  vessels  and  lessened  the  movements  of  the 
^**'^1  pnilttbly  thr(»ugh  panilyicing  the  local  nervous  meehanism. 
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302  0HGA2flC  DRUGS  ACTiSO  AFTER  ABSORPTION. 

The  Urine  in  sometimes  said  to  be  increased  by  oocaixie,  while 
other  iastances  its  injection  has  been  followed  by  lot^il  anuria  last 
for  f*evfnil  hixirs.  This  suggests  that  the  action  is  nut  a  direct  one 
the  kidney,  but  is  caused  merely  through  the  changes  in  the  calibre  i 
the  veftftcls. 

The  other  Secretions  seem  rather  decrease<l  than  augmented^  but 
very  marked  etlVcts  are  produced  on  t-hem. 

Tlic  Temperatare  generally  rises  in  cases  of  poisonings  sometimeii 
much  as  3-5'^  C,  from  increased  heat  formation  caused  by  ivrehrali 
Laniriois  and   Richet  observed  that   the  higher  tlie  temjioraturt'  nf 
aniiutd  the  more  ea^iily  were  convulsions  produced   by  cocaine  mid  ibe 
more  severe  their  type. 

It  useil  to  be  supposed  tbut  cocaine  retarded  the   Tissue  Change 
that  less  food  was  required  when  it  was  supplied.     This  wa^  hused  00 
statement  of  the  endurance  of  the  nattveR  of  South  America  wheu  they«i 
allowed  to  chew  coca  leaves,  and  on  the  discovery  llial  the  leaves  alsotU 
huoKer  to  some  degree.     But  the  iuerease  iu  the  working  jKiwer  is  doe 
the  elTects  on  the  central  ner%ous  system,  while  the  eraving  fur  food  isprot 
ahly  lessened  owing  to  the  cocaine  inducing  numbness  of  the  sensory  ncni 
of  the  stomach  through  its  local  action. 

A  curious  eflect  of  cocaine,  noted  by  Ehrlich  in  mice,  is  o  wideapt 
destmction    of    the    hepatic    cells,    which    become    vacuolated    aud   ofli'i 
necrosed.     The  liver  is  much   increased  in  size  and  IooWh  (mie  &om  ba) 
iiiQUration,  which  is  also  present,  but  which  is  not  so  characteristic  as  tin 
vacuoles. 

Some  cocaine  Is  £zcreted  by  the  kidney  iu  the  dog  when  iti?>l>- 
sorbed  into  the  bloo<l,  but  95  per  cent,  of  that  ingested  is  deslroywi  in 
the  tiBsues,  and  this  is  the  fate  uf  all  of  it  in  the  rabbit,  in  which  iJii^ 
oxidation  proceeds  very  rapidly.  It  is  unknown  whether  it  iso.\idi»^ 
in  man,  who  is  much  mort*  susceptible  to  its  action  than  these  aniruaU 

liocal  Action.  —  Cocaine  applied   locally  in  most  parts  of  the  Ix^^y 
produces  a  loss  of  sensation  through  its  puralyising  the  Terminatioiu  <*^ 
some  of  the  Sensory  Kerves,  |)articularly  those  conveying  impres.'^i'-^'** 
of  piiin  and  touch.      It  is  often  stated  that  the  end  organs  of  the  n«rv** 
oonctriicd  with  the  fcclin^r  of  h«it  and  cold  are  also  disorganized,  1^*^ 
the  e.\act  researches  of  Kiesow  show  that  this  is   incorrect,  aud  ti*^ 
heat  and  cold  are  recognised  as  readily  as  in  the  unaffected  parts  of  ^''^ 
bo<ly.     Cwaine  applied  to  the  tongue  removes  the  taste  of  bitter  a**"! 
stances,  while  sweet  aud  acid  fluids  lose  their  ta^te  only  partially,  0^^. 
salt  is  recogntiw^d  as  easily  as  usual.'      A  solution  applied  to  tlie  n*^ 
mucous  membrane  paralyzes  the  sense  of  smell  entirely.    The  aniestbe*'* 
or  insensibility  to  pain  and  touch  may  be  induced  in  any  of  the  mucofl* 
membranes  that  can  be  reached  by  cocaine  in  sufficient  concentratloflv 
pharynx,  larynx,  oesophagus,  stomacli,  nose,  eye,  urethra,  bladdef, 

*  A  curious  contrast  ia  presented  in  this  respect  by  gvmncnilc  Koid,  which  is  obtained 
frwra  the  Gyinnemn  silveflre,  and  which  reiuorea  the  sensntinn  of  sweetnu^,  whil* 
'*i>itUir"  is'li^  affected  and  "ncid"  and  "sail"  »re  reeoijuiwHi  iw  readily  (ut  ajauL 
(^mnemic  acid  d<H»  not  alTe<>t  any  other  :«eniie  orgnns.  ■•>  far  u  U  known,  and  i«,  b 
fact,  devoid  of  interest,  except  as  regurdu  its  effect  uu  taste. 
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nigiai  and  ructum.  Applied  to  tho  unbroken  ^kin  its  cifccts  are  leas 
markwl,  as  it  |K'ia*tnites  but  slowly  through  the  horny  epidermis  ;  but 
»Ji(!q  ihe  epidermis  Is  removetl  by  abrasions  or  by  skin  disease,  the 
(UtAueous  ori^ns  of  s<^nsation  are  acted  on  in  the  same  way  aa  those  of 
tlic  niiK)0U8  miMubrancd.  The  deeper  sensory  terminations  ciiti  also  be 
•rttni  mi  by  hyixnieriuic  injection,  which  causers  a  feolinj^  of  numbness 
twl  till?  relief  of  pain  in  the  part.  Hypodermic  injection  reaches  not 
onlv  liie  nerve  terminations  of  the  subcutaneous  tissues,  but  also  the 
finiTitfrN'e  bundles,  and  tlie^e  tfM>  are  rendered  iiwensible  as  far  as  the 
r:(U:nds  to  them.  The  part  may  therefore  be  cut  into  or  be 
toother  surgic:il  trejitmenl  without  pain,  as  long  its  the  knife 
Jii»  nii[  pass  beyond  (he  area  to  which  the  drug  has  penetrated,  and 
niunlK-rs  of  grave  surgical  operations  have  been  pcrformetl  under  the 
Itxil  atuesthcsia  produced  by  cocaine.  Injected  into  the  neighborhood 
t*f  iiiLTve  trunk,  cocaine  |>enetrates  into  the  fibres  and  induces  ames- 
thfciiaof  the  organs  supplied  by  the  nerve,  and  injected  into  the  spinal 
ami,  (rsiu«<*s  MnuBSthesia  over  large  areas  of  the  body,  sometimes  over 
ftliDwi  the  whole  body  ;  this  is  probably  due  to  it«  acting  on  the  po6- 
Irrior  riHttjf  of  the  c^)rd.  It  must  be  nottn]  that  the  aniesttuwia  is  only 
iurod  by  tho  loc^d  application  of  the  drug.  The  internal  adiuin- 
uiun  only  leads  to  a  partial  loss  of  (ionsation  in  the  throat  and 
ilmiuch^  and  no  anreslhesia  is  induced  by  its  action  after  it  reaches 
blinjd  %'csaels.  The  reason  for  tliis  evidently  is  that  in  order  to 
lv«3  tlie  sensory  fibres  and  terminatiotis  a  considerable  amount  of 
(lni(^  is  rcijuired,  but  much  less  is  necessary  to  [Miralyzt^  the  central 
OffviMis  nyst<*ni.  Kven  in  the  frog,  the  sensory  terminations  are  not 
fillip  pmlyy.e<l  until  all  symptoms  of  reflex  excitability  have  disap- 
parril  and  total  paralysis  has  supervened. 

K  '.-kI  ,]..uI  of  ilirtciission  has  arisen  as  to  whether  the  action  on  thesen- 
•  ions  is  a  specific  one,  or  whether  they  are  {mratyzeil  before  the 

m ..^'  fiimply  because  the  cocaine  comes  in  contact  with  themflrst — 

»tiPt6rr,  in  fiiL'l,  If  Iwlh  ending  were  expo-ie<i  equally  to  the  lU'tion  of  the 
4njs,  MiM-eiir-s  when  it  is  dt^trihuled  by  the  hloo<l  vessels,  tlie  sensory  ter- 
ttlt&tions  wonlit  Ih>  i*|M'citi(*aUy  attacked  uud  the  motor  left  unafTected.  The 
wtioQ  WW  ut  firnt  siippu-H.Hl  to  be  a  specific  one  on  the  sensory  terminations, 
ud  h  W  «t«lc<l  that  c<N>aine  acted  on  the  sensory  termiDatioDS  in  the  same 
■tUdiw  way  wn  curani  ducj*  uii  the  motor  endings.  There  seems,  however, 
to  V  DO  ground  fur  suppo-sin^  that  this  i»  the  case.  At  the  same  time 
eoniinr  im,~^,'*Ac*  a  dii«tinct  selective  power  for  the  Hcnsorj*  nerve  trunks  con- 
V'  iOiiK  of  pain,  for  when  it  is  injected  into  the  spinal  cjtnal.  there 

^  '  L  jili'te  insensibility  to  pain  while  warmth,  cold  and  touch  sensa- 
tiiioititrci  suU  i>«rcciivc>d  and  the  motor  funcUona  are  unchanged. 

^Vhencocftine  is  applied  locally  to  a  mucous  membrane  it  pn>diioe3, 
l>«idwi  a  loos  of  sensation,  a  f(H'Iingof  constridinn  and  a  distinct  pallor 
uid  contmrtion  of  the  vessels,  which  points  to  a  local  action  on  the 
^*>*1  walls. 

tbe  annstlu«ia  produced  by  cocaine  is  comparatively  short,  but 
'Tirifia  with  the  strength  of  the  solution  npplicsl  and  with  the  vascularity 
nftbr  part;  as  soon  as  the  cocaine  is  absorbed,  the  local  action  disap- 
P<us  and  sensation  returns. 
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Cocaine  is  applied  to  the  Eye  more  frequently  than  to  any  other  part. 
It  produces  local  anaesthesia  here,  along  with  contraction  of  the  con- 
junctival vessels,  and  this  is  followed  by  dilatation  of  the  pupil  and 
oileu  by  partial  loss  of  the  power  of  accommodation.  The  dilatation 
of  the  pupil  is  much  less  than  that  produced  by  atropine,  and  differs 
from  it  in  several  respects.  Thus,  the  light-reflex  is  preserved,  the 
pupil  contracting  in  bright  light  and  dilating  further  in  the  dark ;  a 
number  of  drugs  which  have  little  or  no  effect  after  atropine,  contract 
the  cocainized  pupil  (pilocarpine,  muscarine,  physostigmine),  while 
atropine  dilates  it  still  further,  and  cocaine  produces  some  dilatation 
afler  the  full  atropine  action  has  been  elicited.  It  is  evident,  then, 
that  the  two  drugs  produce  dilatation  by  acting  on  different  mechan- 
isms, and  although  the  way  in  which  cocaine  dilates  the  pupil  has  been 

Fig.  28. 


frr\ 


Diagram  nf  the  InDervation  of  tho  Iris.     P,  a  fibre  of  the  motor  ocuti  passlDs  flmm  Uie  brain  to  the 

ciliary  RaiiRlioD  .V,  in  which  it  terminates  around  a  nerve  eel!,  wbicn  aenSa  an  axis  cylinder  to 
terminate,  X/,  In  the  circular  fibres  of  the  irht.  R,  a  Hptnal  nerve  nbre  Issuing  from  the  lower  cerrical 
conl,  running  through  the  stellate  and  inferior  cervical  Kanella  and  terminating  around  a  gmoglion 
cell  in  the  NU|>erior  cervieal  aanglion,  G.  The  axis  cylinder  from  this  nerve  cell  runs  to  the  im  (paB»- 
iug  the  ciliary  gangilou)  and  terminates  in  fibrils  (',  on  the  radiating  fibres.  C,  is  the  point  which 
cocaine  Htimuliitcs  and  the  resultant  contraction  of  the  muscle  fibres  causes  dilation  of  the  pupil,  hut 
when  strong  impuNtis  descend  to  3/,  as  happens  when  the  eye  is  exposed  to  bright  light,  the  circular 
niuncle  nvercmeH  the  wealter  radiating  fibres,  and  the  pupil  Is  contracted.  Id  the  same  way  atroDX 
stimulation  <if  M  by  muscarine  overcomes  the  stimulation  of  /'  hy  cocaine,  while,  on  the  other  hand, 
when  M  is  paralyzed  by  atropine  and  the  circular  fibres  are  thus  tlirown  out  of  action,  the  radiating 
muscles  are  unopposed,  and  cocaine  causes  a  greater  dilatation  than  in  the  normal  eye. 

a  matter  of  dispute,  the  great  majority  of  investigators  now  hold  that 
it  stimulates  tlie  terminations  of  the  dilator  fibres.  (Fig.  28.)  The 
motor  oculi  is  not  involved  in  its  effects,  unless  very  large  quantities 
are  applied,  when  its  terminations  may  be  depressed  in  the  same  way 
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[u  by  atropine  (Scluiltz).  A  8tn>ng  argument  in  favor  of  the  view 
given  above  has  been  found  in  the  observation  that  when  the  dilator 
wjvtt  degenerate,  owing  to  removal  of  the  superior  cervical  ganglion, 
cocaine  fails  to  e^use  dilatation  of  the  pupil. 

Srveral  other  symptoms  are  produced  by  the  local  application  of 
waiflc  to  the  eye,  at  any  rate  in  some  instances.     Thus,  the  iris  vefr- 
wIj;  are  sometirara  much  constricted,  the  eye  is  more  widely  open  tlian 
ii«al,  so  that  the  white  sclerotic  is  seen  above  and  below  the  iris,  the 
whole  eyeball  is  pushwl  forward  (exophthiilmos),  and  the  intraocular 
teosioa   is   said    to  be  considerably  reduced.     All  of  these  fuatures 
in?  prwluced  only  after  cocaine  has  been  applied  in  considerable  quan- 
tity and  for  si>tne  time,  and  may  be  due,  at  any  rate  iu   part,  tft  its 
aUirption.     They  may  all  be  obscrvc<l  in  the  uupoisoncd  animal  wbeu 
theo«mcal  sympathetic  trunk  is  stimidnted,  and  tderefore  seem  to  in- 
dicate a  special  action  of  cocaine  on  tlie  centres  or  terminations  of  this 
■ervc    All  of  these  symptoms,  except  the  anresthesia  ami  the  pallor  of 
tbe  mnjimctiva  and  iris,  are  pnMlufed   hy  the  injection   of  cocaine  as 
*A\r\s  hy  it^  local  application,  but  in  this  case  are  pi*evented  by  pre- 
■lion  of  the  oervio-al  sympathetic.     Cocaine  does  not  produce 
-;.;  i,..iUtion  of  the  pupil  in  birds. 
CVicaiDe  bnmght   into  immediate  contact  with   nerve  terminatioDs 
ilyws  them,  but  this  is  true  for  so  many  other  forms  of  living  matter 
It  it  may  be  regarded  as  a  General  Protoplasm  Poison.     Tliu.s  mujicles, 
Mres,  and  nerve  ends  cease  to  contract  or  to  conduct  stimuli  wben 
tbey  are  exposed  to  even  very  dilute  solutions  of  coraiine;  the  ciliated 
epithelial  cells,  leucocytes,  and  spermatozoa  become  motionless ;  the 
ttirtital  nerve  cells  lose  their  excitability,  and  many  of  the  inverte- 
'>ratK  are  killed  by  even  a  short  exposure  to  coeaiue.     The  nn>ve- 
"iCDteof  protoplasm  iu  plants  are  also  retardeil  or  entirely  suppressed 
l*yihis  p«)ison,  and  the  process  of  putn-fuctlon  is  dL^laynl  considerably. 
In iSfune  cases,  notably  in  the  higher  invertebrates,  the  final  ilepression 
I'  prm-ilwl  by  a  stage  of  increased  mtvvement,  and  it  in  saitl  that  the 
irritahiliiy  nf  ui-rve  is  also  augmented  at  fii*st.     Jn  other  instances, 
Iwwcver,  cocaine  induces  only  depression  and  paralysis. 

Other  examples  of  this  destructive  action  are  also  seen  in  the  tliera- 
P'^'Hie  use  of  cocaine,  for  the  cornea  is  often  rendered  somewhat 
Hdiidyfron)  Jt^  appliciitiou,  and  its  subcutaneous  injection  is  sometimes 
iiHloffeil  bv  necrosis.  Victims  of  the  ciH^uim'  habit  often  show  nu- 
n>f foos  mars  on  the  arras  and  legs  from  this  local  gangrene,  altliough 
this  is  probably  often  due  to  unstcrilized  syringes  rather  than  to  the 
wlutioD. 

Mogt  of  the  other  nutural  alkaloids  resemble  cocaine  in  many  points  of 
tiiHrnciion,  as  far  as  they  have  been  investigated,  but  some  of  the  artitlctal 
(VUfKiiinds  jiresent  divergeneej?  from  the  general  type.  Thus  a  number  of 
jiWBDiIondt  produce  antesthesia,  alllmu^h  most  of  ihe  nearly  allied  furms 
the  fhanicteristic  ehatiK^'**  iu  the  liver  cellw  ;  some  of  tliem  depart  en- 
\y  frum  the  typical  cocaine  action. 

ronuajH/-  iH  often  wiid  to  be  ii  cnrdtue  poi.san,  but  \{r  a<'tion  on  the  heart 
«eemg  to  rtsMimble  in  geneml  (hut  of  cocaine.     It  boa,  however,  a  much  more 
SO 
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intense  action  on  muscular  tissue,  which  it,  like  caffeine,  throws  into  rigw 
mortis.  Its  anaesthetic  power  is  very  small.  Some  authorities  r^urd  the  mus- 
cular action  of  caffeine  aa  an  important  factor  in  its  preventing  fatigue,  and  the 
presence  of  cocamine  in  the  coca  leaves  might  be  used  to  explain  the  similar 
effects  induced  by  these,  but  the  quantity  is  probably  too  small  to  have  any 
noticeable  action. 

Bemoylecgonine  is  a  comparatively  weak  body,  which  produces  symptoms 
resembling  caffeine — increased  reflex  excitability,  muscular  stiflbess,  and  rigor — 
and  ecgoninc  is  still  l^s  active,  but  elicits  in  froms  similar  effects. 

Tropacocaine  resembles  cocaine  very  cloBely  in  its  general  action,  but  is 
less  poisonous.  It  produces  local  anaesthesia  more  rapidly  but  for  a  shorter 
time  than  cocaine,  and  causes  less  dilatation  of  the  pupil. 


Preparations. 

Coca  (U.  S.  P.),  the  dried  leaves  of  Erythroxylon  coca,  containing  ^-1  per 
cent,  of  cocaine. 

Fluidextractum  Coaz  (U.  S.  P.),  %A  c.c.  (J-l  fl.  dr.). 

Extracium  Oocce  Liquidum  (B,  P.),  j-1  fl.  dr. 

Vinum  Coctt  (U.  S.  P.),  16  c.c.  (4  fl.  dra.). 

CocAiNA  (U.  S.  p.,  B.  p.),  an  alkaloid  (C„H„NO^)  obtained  from  the  leaves 
of  Erythroxylon  coca  and  its  varieties,  forming  colorless  crystals  with  a  bitter 
taste  followed  by  numbness  ;  insoluble  in  water,  soluble  in  alcohol.  * 

Cocaine  Hydbochlobidum  (XJ.  S.  P.,  B.  P.)  (C„H„N0^HC1),  colorless 
crystals,  very  soluble  in  water  and  alcohol ;  watery  solutions  cannot  be  boiled  as 
the  alkaloid  tends  to  decompose,  0.01-0.03  G.  {^-J  gr.). 

Lamellm  Gocainm  (B.  P.),  each  contains  ^  gr.  of  the  hydrochloride, 

InjecHo  GocaincB  Hyjmdermica  (B.  P.),  10  per  cent,  2-5  mins. 

Unguenium  Cocaincp.  (B.  P.),  4  per  cent 

Oleatum  OocaimB  (U.  S.  P.),  5  percent 

TrochUci  Krameriw  et  Chcaina  (B.  P.),  each  contains  ^^  gr.  of  the  hydro- 
chloride. 

The  Therapeutic  TTses  of  cocaine  are  almost  all  dependent  on  its  an- 
festhetic  action.  It  has  been  suggested  as  a  brain  stimulant  in  various 
conditions  of  mental  depression,  but  has  not  been  widely  used  for  this 
purpose,  which  is  better  served  by  the  less  dangerous  caffeine.  A 
wine  containing  coca  extract  is  oflen  used  in  domestic  medicine  as  a 
"  general  tonic,"  and  has  repeatedly  given  rise  to  the  cocaine  habit. 

Its  ancesthetic  properties  render  it  extremely  important.  In  oph- 
thalmic surgery  it  is  used  very  largely  both  during  operations  and  to 
alleviate  pain,  and  occasionally  to  constrict  the  vessels  of  the  iris  in  in- 
flammatory conditions.  For  complete  anaesthesia  a  4  per  cent,  solution 
may  be  employed,  while  to  allay  pain  one  of  1-2  per  cent,  is  all  that 
is  necessary.  The  ansesthesia  is  of  short  duration,  generally  setting  in 
afler  5-7  minutes  and  passing  off  20-30  minutes  after  the  application 
of  the  drug.  Occasionally  cocaine,  especially  in  strong  solution,  pn>- 
duces  a  certain  amount  of  opacity  of  the  cornea,  and  it  is  stated  that 
wounds  heal  less  readily,  and  irritant  antiseptics  are  more  dangerous 
with  cocaine  than  without  it.  This  may  sometimes  be  due  to  the  use 
of  impure  cocaine,  but  it  may  be  noted  that  cocaine  is  a  protoplasm 
poison,  and  may  therefore  lessen  the  resistance  of  the  tissues  with 
wliich  it  comes  in  contact.  The  usual  explanation  given  that  cocaine 
paralyzes  sensation  in  the  cornea,  and  thus  prevents  the  reflex  winking 
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|ich  rpmovcs  foreign  bodies  from  the  Hurface  and  keeps  the  eye  moidt^ 
(vioQsIy  insurticieut,  as  the  ann>sthesia  is  of  but  short  duration. 
The  dilntation  of  tho  pupil  produced  by  cocaine  is  much  less  a>raplete 
tJiat  under  atropiiif,  and  can  only  be  taken  advantage  of  in  diag- 
by  using  very  dim  Hght,  as  the  pupil  contracts  in  bright  light 
ilimbt  to  iU  normal  nize.  On  the  other  hand  ci>cuiue  is  much  less 
iiijtirious  in  glaucoma  and  the  dilatatir>n  can  be  removed  at  onoe  by 
die  infltillation  of  a  few  drops  of  physostigraine. 

Id  the  nose,  throat  and  larvux,  cocaine  is  used  in  a  solution  of  4 
per  coot.,  sometimes  10-20  per  cent,  and  aniesthesia  is  obtained  with 
gmiltT  difficulty  than  in  the  eye,  but  the  local  contraction  of  the  ves- 
«U  is  often  of  great  service.  Cocaine  is  used  largely  in  operative 
piwedure  here  and  also  in  the  treatment  of  irritable  conditions  of  the 
iwpiratory  passages,  such  as  hay  fever.  In  the  urethra,  rectum  and 
vigina,  cocaine  may  also  be  used  either  as  an  anasthetic  or  to  relieve 
pftio  ifraporarily.  It  is  sometimes  of  st^rvice  in  painful  or  itching 
ikio  di&case^,  but  care  must  be  taken  not  to  apply  it  to  large  broken 
nr&ect,  otherwise  symptoms  of  poisoning  may  follow.  The  local 
aotioD  on  the  stomach  is  oUcn  valuable  iu  checking  vomiting  due  to 
pstrie  irritation. 

For  many  years  after  itj*  introduction  as  a  lo(«l  anwsthetic  in  1884, 
its  use  was  practically  limited  to  minor  o[>eration3  in  the  uose  and 
throat  an<l  to  ophthalmic  surgery,  few  general  surgeons  venturing  on  its 
application  in  other  fields.  Within  the  la.st  few  years,  however,  Its  use 
luw  uadf'rgonc  a  wide  extension,  so  that  almost  all  the  major  surgical 
iiperations  have  been  performo*!  under  it,  and  local  aniesthesia  by  means 
of  wKainr  or  eucaine  has  now  become  a  rival  of  ether  and  chlort»form. 
Omuionally  partial  local  amesthesia  is  c«jrabincti  with  the  administra- 
tioo  of  small  f]uantities  of  chloroform  or  ether,  which  are  insnflficient 
til  product'  complete  uuconsciousnes.«,  but  cause  a  numbing  of  the 
K&tttioD,  which,  together  with  the  local  action,  permits  of  a  painless 
operation.  At  firet  strong  solutions  were  injected  to  preparo  the  way 
in  the  knife,  each  step  forward  in  the  operation  being  preceded  by  an 
injertion  of  c^xwue  to  induce  annesthosia  of  the  layer  of  tisstie  to  l>e 
incised.  Bui  this  method,  which  has  been  ustnl  chiefly  by  Reclus, 
nqnircd  tiangcrous  quantities  of  the  drug,  and  is  now  scarcely  used 
eicrpt  for  minor  operations  in  which  a  single  injection  is  sufficient. 
K  morv  satisfactory  method  of  local  amesthesia  for  operative  purpoees 
las  been  intnMhirp^l  l>y  Schleich  nnder  the  name  of  inji/t ration 
ooMtAcMO.  A  large  quantity,  sometimes  as  much  as  200  c.c.  of  a 
fllotioo  containing  0.01  per  ccnt.^  of  cocaine  and  0.8  per  cent,  of 
^imn  chloride  is  allowed  to  permeate  the  tiasues  through  a  fine 
Wpuli-rmic  needle.  Only  very  slight  pressure  is  required  and  the 
toW  of  the  surrounding  structures  become  swollen  and  oedematons 
t»l  am  be  cut  int4i  without  pain.  Much  of  the  fluid  escapes  through 
the  ioci&ions  and  no  symptoms  of  poisoning  arise.  Schleich  attributcf] 
thff  umthcsia  partly  to  the  pressure  exerted  by  the  soltition  and  partly 

'SooM  npcTiLtuni  use  a  0. 1  {icr  cent,  solution  and  Lhen  lew  is  injected. 
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Sabstitutes  for  Oocaine. 

Some  artlficuil    alkaloids  hiw  recently  been   intrnduc^]  .is  l,Kal  m 

ffisthellc3   m8t*Ki<l    ot    tx.c^nie.     The  l^est   known    of    tbe^e   U  Euaiw 

(C,,H,,NO,)/   wh.ch   Ls  much  less  po.sonous   than   CH^ur.e  an.l  .Jiff.r. 

from  it  in  many  points   m   .ta  geneml  oeUon.      In   animals  i«,H«K,i 

with  lurgc  aosea  the  centml  nervous  svntem  is  first  stini.i!:it<Hl  L\  then 

pvralyz^  ;  the  pulse  i.  8lowe<     from  direct  actiot»   c>„  the  eardiac  ii>aw 

cle,  ami  the  blo<x!-prP8sure  falls.     The  terminations  of  tho  motor  Dena 

are  paralyze<i  in  frog-s  hut  only  after  the  central  nervous  system     As 

a  local  aniesthctin  it  is  almost  us  efficient  as  cocaine,  and  differs  from  il 

in  not  constricting  the  vessels  or  dilating  the  pupil.      The  intraocular 

pressure  is  said  to  l»e  lessened,  but  this  is  not  yet  satisfactorily  deter- 

mined.     A  1-2  per  cent,  solution  of  the  hydrochlomte  is  useti  in  the 

eye,  2-5  per  cx..nt.  for  otlier  miK.nis  surfaces  and  for  subcutaneou.  in- 

jeotion.     Kucmne  nmy  he  employed  m  1   per  wnt.  solution  inslca.lof 

cocaine  for  infiltration  atKKsthesia,  and  is  less  poisonous  and  can  be  dis- 

infecteil  by  Uiiliiig. 

The  Orthoforms  are  still   more  recently  introduced  IfRjal  anfflstheria. 
which  may  be  mentioned  here,  alth(Migh  they  resemble  cocaine  onlviii 
their  action  on   the  sensory  terralimtloiirt.      They  are   m.^thvL^w,/ 
amidooxybenzoic  acid  (C  H,OH(NIIj  (aX)CHj),  differi^^  oalv  J 
the   positions  of    the   hydroxyl   and  amido  groups;     »7/i««rfA,.^'„  '  ibe 
etbylester  of  amidubL-nzoic  acid,  and  many  other  similar  estere'lare 
more  or  less  lociU  autesthetic  power.     Several  other  aromatic  derivali^-is 
have  long  been  known  to  have  some  numbing  or  amesthetic  pn^perfits, 
but  have  scarcely  been  usc*l  ia   therapeutics   for   this   pnrix>;je.     Evdi 
carbolic  acid  has  a  distinct  unnibiug  cffwt,  and  some  of  the  antipr- 
relics  have  been  pr.ipns<^l  for  use  in  ophthalmology.      Orthofonn  ^a 
white   ervrttidline   pnwder    which  has  no  taste  or  smell    and  U  mW 
very  slightly  Holiible  in  water.     It  is  used  as  a  dusting   powder  or  m 
ointment  (10  per  «^nt.),  ami  is  applied   to   painful    snrfact^s,  siicli  as 
abrasions,  ulcers  or  burns,  either  on  the  skin  or  on  the  visible  tnmm 
membnuics  (for  instance,  in  laryngeal  ulceration).      In  ulcer  or  «inopr 
of  the  stomach,  it  has  also  l>e*'n  taken  internally  (0.1  G.  in  powder  nr 
tablets)^  and  gives   relief  fr.jm   the  suffering.      It   is   w)mew!iat  anti- 
septic  and   seems    to  be    practically  devoid  of  poisonous    pniperties, 
except  that  slight  corrosion   is  sometimes   iuduced  around  the  point  of 
appiie^ition.   It  has  little  or  no  effect  on  the  sensibility  of  the  uubntlcrti 
skill,  and  its  insr>lubility  precludes   it.s   use  by  subeutaneiMis  initrtioo. 
Tlic  anaesthesia  begins  alm^jst   as  soon   as   that  indueetl  by  ordinnry 
ct>caine   w)Iutions,   but  lasts  very  much   longer,  Ijecause  orthofitrra  '\S 
dissi)lve<l  and    rcmovefl  firnn  the  surface  very  slowly ;  thus  a  single 
ap(»!Jcation  of  the  pwdcr  causes  anjesthesia  for  many  hours,  op  rvcn 
for  some  days.     On  the  other    hand,  orthofonn  fails  to  penetrate  the 
muetius  mi;mbranes  as  cocaine  dnes,  and  therefore  only  anffstheU«9 
when  it  comes  into  actuid  contact  with  exposed  uer\'e  ends. 

'  Alphn-eiioaine  (f  ,»^^/t^^i)  *«*'  formerlv  uwd.  but  jnduiMi  irritaUtm  kI  fint  ud 
M  now  scUoiu  aaet  *^i"i-     Lucame  wiis  inuoducwl  an  Beta-eucune. 
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DV.     PILOCAEPINE  AND  MUSCARINE. 

ilocarpine  ami  inusi':iriiic',  two  alkaloids  of  very  dittcrent  clicuiicid 
tuti4>nf  |)0(5ses.s  simiiar  pn>|»€rties   from   a  pharmacological  point 
J'UtMytrpinf  (i\Ji^JsJJ^)^  is  found  iilotijj  with  ieopilorar- 
fmva  tlie  Iertvc8  of  several  gpecioM  of  Pilf>oarpijs. 

Jfiueariiir,  i\w  nlkabiid  of  one  of  tliu  fwi.sonous  mushrooms,^  Agari- 
aKn(MRiriu8,  ur  Anmnita  moscaria,  is  very  closely  related  cbemically 
cLfJinf,  whieh   is  a  oonstituent  of  several  animal  tissues.     It  may- 
be repreaiieuted  by  the  formula 

cn-(on). 


■tew. 


to 


cn. 


N(rii,),on 

IV*  itrortural  formula  of  pilocarpine  i^  nut  yet  definitely  determined 


PUotarpi- 
[imrtlrnlly 


\  ffi>in  the  leaves  of  PilocariiUft  Jalmrandi   only  and  i« 

"TTierly  fiL;\lal  li>  mt'ur  with  i>il(K-arjiine  and  to  imm*<>.v^  an  acti<in 
T'lpitie,  but  more  recent  inTeAUgniorM  have  fniletl  to  confirm  either 


nMBbttoiF  f  i  ' 
of  tW  ■taiBfCtetttM. 

'tftaoaritw  k  accniii|innied  in  the  Amanita  by  another  poiwn  which  differe  fkvm  it 
in^Bcfaiic  eoorulfiions  and  other  itym|)(omB  of  central  ncr\-oiw  rtimubitlon ;  the 
<4  oiuanita  p^iiaoning  are  a  mixture  of  thivtc  enuK<<I  bv  the«ie  iwu  |MtiMins 
I). 
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bnoAmc  nnrras  actino  after  absorfttoit^ 


A  suWance  almost  identical  with  muscarine  from  the  cbemi<:?*« 
jMfint  has  l>oon  pr('|>ar»l  liy  the  oxidation  of  choline,  hut  ihi«    i^ 
mu^carino   iliHers  in   itd  notion   fntra  the   imtural  alkuloid    ixi 
resi>ect.s.      A  number  of  other  nearly  rolated  IkxIics  (trimetllJ^'"^ 
nium  hases)  resemhle   muw^rine  iu  some  p^iint.^  of  their  :i<»f»^ 
are  not  so  poisonous,  and    fail  to  act  on  several  of  the  organs  ^•^ 
by  the  base  derivo<l  fn)m  the  mnshnmm.  ^ 

Muscarine,  pilocarpine  and   isopiloearpine   resemble  each  of-^ 
action  ;  musciirine  is  much  mor*?  poi.simouH  than  pilocarpine,  W*' 
again  eight  times  as  active  as  isopilocarpinc. 

Pilocarpine  and  muscarine  stimulate  the  terminations  of  ^ 
nerves  supplying  unstriated  muscle  (except  that  of  the  vessels 
heart  and  secretory  epithelium.  Their  effects  are  therefore  din'* 
cally  opposetl  to  those  of  atropine  in  the  |M.'riphera!  orgjins. 

Symptoms — The  symptoms  of  poisoning  in  man  commence  Wi^_^ 
very  marked  secretion  oi'  saliva,  followetl  soon  after  by  excessive  f^^ 
spiration  and  a  flow  of  tears.  Alter  muH<rarine  and  hometimes  ^^  ^ 
pilocarpine,  nausea,  retching  and  vomiting,  pain  in  the  uhdnmeu  ^  \^ 
violent  movement  of  the  intestines  causing  profuse  watery  evacuatiof'^^' 
are  next  observed.  The  pulse  is  sometimes  (|ui(rkenctl,  sometimes  vef^^^ 
slow  and  irregular  j  the  pupil  is  contracted,  and  the  siglit  is  acwimrai^^^-* 
dated  for  near  objiMrts.  The  rt^pirjition  is  often  quick  nnd  <lyspnuMC_^;S 
and  rAles  may  l>c  licard  over  the  bronclii,  denoting  an  accumulation  ol 
mucus  in  them.  Giddiness  and  confusion  of  ideas  are  complained  of, 
and  after  pilocarpine  tremors  and  feeble  convulsive  movements  ar? 
sometimes  observed,  but  tiie  nervous  symptoms  are  not  so  conspicuous 
as  those  from  the  periplieral  organs.  Eventually  the  ifspiration  be- 
comes slower  and  great  weakness  iu  the  movements  manifests  itself, 
but  the  consciousness  remains  more  or  less  perfect  till  the  breathing 
ceases. 

Action. — The  salivary  and  lachrymal  Glands,  the  mucous  glands  of 
the  mouthj  tliroat,  nose  an<l  deeper  respiratory  passages,  the  gastric 
secretory  glands,  the  pancreas,  and  probably  the  intestinal  glands,  all 
secrete  copiously  after  muscarine  and  pilocarpine.  The  sweat  glands 
and  the  cerumi nous  glands  of  the  ears  are  likewise  roused  to  unwonted 
activity,  auti  many  other  glanilular  structures  are  also  stimulatcMl.' 

In  most  cases  the  solids  of  the  secretions  are  increased  as  well  as 
the  fluids,  although  to  a  somewhat  less  extent.  The  bile,  the  urine 
and  the  milk  do  not  seem  to  be  affected  directly  by  pihicarpine  and 
muscarine,  although  they  may  be  redutH?d  in  amount  or  otherwise 
mo<liHe4l  by  the  withdrawal  of  large  quantities  of  fluid  from  the  body 
by  other  channels. 

After  a  small  quantity  of  atropine,  pilocarpine  and  muscariue  in 
ordinary  quantities  produce  no  increase  in  any  of  the  secretions.  This 
indicates  that  the  seat  of  action  of  these  poisons  is  not  the  secrctorj* 
cells,  for  it  has  been  shown  tbat  atropine  paralyzes  only  the  termina- 

'  A  curious  cxumpio  of  this  iins  been  shorni  bv  Dreser  to  occur  in  Uw  C«h,  In  whiuh 
ihe  swimming  bladder  twcretes  raorw  oxypen  than"  uwiml. 
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>  secretory  nerves  and  leaves  the  ct»Ils  uninjured.  On  the 
,  section  of  the  secretory  nerves  does  not  alter  materially 
»f  pilocarpine  or  rausearitie,  for  the  secretion  of  perspira- 
foot  of  the  cat  is  increased  by  pilocarpine  even  after  section 
\c  nerve.  The  seat  of  action  of  pil.xjarpine  and  muscarine 
the  terminations  of  the  secretory  nerves — the  miinite  fibrils 
fy  between  the  epithelial  cells  and  perhaps  oven  enter  them. 
B  are  stimulated  by  the  members  of  this  group  and  para- 
ropine,  and  these  two  series  therefore  form  antidotes  to  one 


Bry  secretion  may  amount  to  lialf  a  litre  or  more  in  the 
S  hours  after  an  injection  of  pilocarpine,  while  the  skin 
tfcrete  even  a  larger  (juantity  of  fluid  in  the  same  time. 
13  thus  considerably  reduced  by  pilocarpine  owing  to  the 
I,  which  may,  according  to  some  authors,  amount  to  2—4 
B  (4^-9  lbs.)  after  a  single  dose. 

stion  of  the  milk  is  not  increased  by  pilocarpine,  but  the 
of  sugar  in  it  is  stated  to  l>e  larger  than  nsuuK  The 
5  blood  has  been  f<)und  increasetl  by  pilocarpine,  and  this 
tributed  to  its  acting  on  the  termiuatiouri  of  the  nerves  in 
lich  regidate  the  glycogenic  functions  of  that  organ. 
Sased  activity  of  the  glands  is  acrompanied  by  an  atrcelcra- 
blood  current  through  them,  but  this  is  a  result  of  their 
from  any  cause  whatever,  and  is  pmbably  not  due  to  the 
1  of  the  alkaloids  on  the  vessels.  Tlio  redness  of  the  skin, 
fthe  face,  so  often  observeil  after  pilocarpine,  may  ]K?rhaps 
d  in  this  way,  as  an  accompaDinient  of  the  augmented  ac- 
t  sweat  glands. 

Iterly  supposed,  that  pilocarpine  actp<l  on  the  same  Ktnioturcsas 
i  Bjnnpalhelir  pniiglia — but  this  is  disppovod  by  thp  sweat  8ccre- 
>ot  after  soction  of  the  soiatic,  fur  no  Kympjilhclk-  piiiglia  have 
b  conuectiun  with  these  sweat  glands  except  those  in  the  pelvia. 
ition  which  has  tteeii  the  subject  of  j)rolongefl  aiul  i^>inewhat 
lion  is  whether  pilocarpine  and  nnisoaiine  can  aut  at  nil  after 
J  seems  how  to  be  aduiitted  tluit  while  mioutu  quantities  of 
>p  secretion  set  up  by  ordinary  dusfs  of  pilocarj>ine  and  mus- 
Ither  of  these  in  very  large  quantities  will  reinstate  it,  iiiid  this 
)f  Btimtilation  and  depression  may  be  repeated  a  number  of 

^longed  staf^e  of  stimulation  large  quantities  of  pilocirpine  or 
r«ntually  paralyze  the  nerve  tenniantinns,  and  the  secretions  are 
Hiuisheil  or  stopped  entirely.  Rut  this  never  oceurs  save  in  ex- 
\  animals,  for,  as  a  general  inile,  the  ressplratiun  is  paralyzed  by 


*«*4Aa     t't*A««    A'BM^ 


t^   m.U^tt    »t*j 


314 


ORGAmC  DRUGS  ACTTNO  AFTER  ABSORPTtOS. 


thft  Btontac-b,  HiiuLIar  to  timt  (»f  llie  terminations  of  the  secretory  ncrv 
This  is,  porlia|)s,  incapable  in  itself  of  prodncing:  fN^niplete  evncwiio? 
of  the  3toniuchf  but  niuy  M't  tip  u  relK'x  coiitructiou  uf  the  luitHcksot 
the  abdominal  wall  which  accomplishes  it. 

The  ititrnthwH  are  also  set  in  unusually  active  movement  by  a  simil 
process,  and  repeated  evacuation  of  their  contents  follows.  Tli^t 
are  at  first  of  fimi  consistency,  but  later,  as  the  continue<l  peri-uL«ir 
carrieH  down  the  contentH  of  the  small  intestine,  which  liave  nut  lain 
long  enough  in  the  bowel  to  allow  of  the  absorption  of  their  flnid,  ihe 
fajoes  contain  more  water  tfian  usual.  This  fluidity  of  the  stools  maj 
ulso  be  duo  in  [Kirt  to  an  lui^uiciitation  of  the  intestinal  secretion,  but 
this  has  not  been  satisfactorily  demonstratetl.  Even  after  the  l»i»wl 
has  l}(»en  nmipli'lely  evacuated,  the  jwrsistent  peristalsis  betrays  ilj*!^^ 
in  i^uinful  straining.  m^t 

The  nuisele  of  a  number  of  other  organs  contracts  after  pilorarjiiriff 
or  muscariue,  alsf>,  it  is  l>elieved,  from  stimulation  of  the  nerve  te^ 
miBatioiis.  Thus  the  ftp/t'cHf  bUMrr^  hrovchin/  m»^7*v<.  and  possiUv 
tlie  utcnis,  arc  contracted,  and  in  the  case  of  the  bladder  re|)eateJ 
evacuation  and  straining  may  occur.  Of  much  greater  iuiiwrtana 
than  those  is  the  effect  of  pilocarpine  and  muscarine  on  the  eye.  In 
p<)is4ining  with  these  and  alsf>  on  local  applicatiou,  the  pupil  IxtOicfa 
exlreiuely  narrowed,  and  al  the  same  time  the  vifhiiy  mtt-ncft'  contnictfi 
80  that  the  lens  is  accommmlated  for  short  distances.  Both  of  ihaf 
phenomena  arc  due  to  stimulation  of  the  terminations  of  the  motcr 
ooiili  in  the  intraocular  muscles  (see  Fig.  26,  p.  287) ;  they  are  poi 
et[ua!ly  cjisily  elicited,  however,  for  according  to  Krenchel,  miisiicarin*' 
acts  on  the  ciliary  muscle  much  more  readily  than  on  the  pupil,  ?(i  thai 
occ^isinnally  the  sight  may  l>e  acctiinmodated  for  short  distances  whWv 
the  pupil  remains  iiiirly  wide.  The  intraocular  pressure  is  reduced  bf 
muscarine  and  piloc4irpine,  althongh  they  may  increase  it  at  first. 
This  has  not  licen  explained,  but  is  often  siiid  to  be  associated  witlill«' 
changes  in  the  pupil,  myosis  (conlrnetion  of  the  pupil)  being  genertHy 
attended  by  a  reduced  tension.  The  stimulant  action  of  pilocarpine  on 
the  terminations  nf  llie  motor  oculi  terminates  in  depression  and  coo- 
sequent  slight  widening  of  the  pnpil. 

All  tlicse  nuisirular  phentmiena  are  prevented  by  the  previous  «d- 
niinistnitton  of  atropine.  This  antagonistic  action'  hat;  been  can^Hilb 
studied  in  the  eye,  where  it  is  found  that  after  pilocarpine  has  V^*' 
duced  (contraction  of  the  pupil,  the  adniinistration  of  very  small  iina^* 
tities  of  atropine  is  followed  by  dilatation.  Strong  pilocarpine  solution 
again  dnipjiHl  into  the  eye  will  again  reduce  the  size  of  the  pupilj  b»t 
the  <pianlily  required  is  vastly  more  than  in  the  normal  eye,  and  ths 
second  contraction  may  again  be  removed  by  comparatively  small 
quantities  of  atropine.  In  the  bird's  pupil,  in  which  the  muscle  tf 
striated,  muscanne  and  pthx-arpine  hiive  no  effect,  the  terminations  of 
the  nerves  being  evidently  difierent  from  those  in  mammals. 

The  action  of  pilot^nrjiine  and  muscanne  on  the  Circulation  presents 
some  differences   in   diflcrcnt  species  of  animals.     On  the  apphd- 
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itber  to  the  frog^s  heart,  \X^  rhythm  is  at  onoe  **lowe(l,  the 
pauAC  beiu^  nuidi  increased  in  length  and  the  contractions 
ill  foree.  Soon  tlie  lieart  ceases  to  heat  entirely,  although 
of  its  lUHHcle  by  met-haniuil  or  eheniieal  means  elicits  one  or 
itractious.  A  number  of  drugs  which  stimulate  the  heart 
itich  as  physostigmine  or  digitalin,  induce  weak  rhythmical 
>ns,  bnt  atropine  in  the  minutest  quantities  restores  the  heart 
TDal  rhythm  and  strength.  The  symptouiH  pnnlucwi  are  ex- 
«  seen  on  stimulation  of  the  vagus  by  electrical  shixrks,  and 
e  has  long  been  believed  to  act  by  stimulation  of  the  inhibi- 
banUm  in  the  heart.     It  is  generally  Btated  that  the  site  of 

tthe  ganglia  on  the  course  of  the  vagus,  but  this  is  ineor- 
(CJirine  acts  on  the  npi'x  of  the  fn>g's  ventricle,  in  which 
la  whatever  have  l>ceu  found.  Muscarine,  therefore,  atimu- 
terminntions  of  the  vagus  libres  in  the  heart  muscle,  and 
duces  slowing  and  eventually  standsttil.  Atropine  removes 
Istill  by  [Miralyzing  the  terminations,  but  larger  quantities  of 
eor  pilocarpine  will  again  overct>me  the  atropine  action  and 
Ketundstill  or,  at  any  rate,  the  slow  pulse,  Digitalin  and 
Remove  the  standstill  by  increasing  the  imtability  of  the 
util  the  inhibition  can  no  longer  hold  Uie  heart  in  check,  hut 
ut  the  rhythm  caused  by  these  the  activity  of  the  vagus  can 
n  the  slowness  of  the  beat  and  the  prolongation  of  the  diast^ile. 
IS  ends  are  eventually  paralyzed  by  pi!oear]>ine  and  the  heart 
its  normal  rate.  liargcr  (jiiantitiesj  however,  again  slow  it 
direct  action  on  the  cardiac  muscle. 

ibits  and  cats  similar  changes  are  seen  in  the  circulation  after 
e.  The  heart  is  slowed  or  brought  to  a  complete  standstill, 
I  pressure  falls,  and  al!  the  symptoms  produced  by  nnsemia 
■ain  may  follow,  but  the  animal  becomes  again  perfectly  nor- 
le  administration  of  small  quantities  of  atropine.     Tlif  fall  in 

KDre  is  often  greater  than  is  accounted  for  by  the  slowing  of 
nd  the  peripheral  vessels  are  extremely  congested.  This 
iibly  be  due  to  the  dilatation  of  the  vessels  whiclij  as  already 
]com{ianies  the  increased  activity  of  the  glands.  PihH-arpine 
:jm  muscarine  here  in  several  particulars,  for  it  soon  depresses 
itorj'  fibres  imd  the  heart  regains  its  former  rhythm,  but  the 
Dusrle  is  then  ufteeted,  so  that  the  contractions  rapidly  be- 
ikcr  and  slower  again,  and  this  secoudarj'  slowing  is  not  re- 
y  atropine  ;  the  vaso-motor  centre  also  becomes  gradually 
I  by  large  doses,  so  that  the  bloiid  vessels  remain  somewhat 
Lod  the  arterial  tension  remains  low  even  after  atropine. 
;s,  the  stimidation  of  the  inhibitory  Jibrcs  seems  sometimes  to 
ly  absent  after  piiocuri>ine  and  muscarine,  and  in  man  this  is 
oently  the  case.  Instca<l  of  a  slow  pulse  and  lessened  ten- 
le  arteries,  ac(?eleratiori  and  increased  blood-pressure  are  then 
This  is  accompanied  in  man  by  niarkfKl  pfilpitation  and 
.in  the  region  of  the  heart  and  by  dilatation  of  die  skio 


ibdanent  of  Ruxicku,  that  the  Mulpighian  corpuscles  of  the  spleen  are 
iaeWMttl  in  numl>er  after  pilocaq>iDe. 

The  Temperature  is  said  to  h*i  increased  by  pilocaq>ine,  although 
uttlj  U)  a  very  small  exteut,  and  the  carbonic  acid  excretion  is  increased 
tlinmgh  tl>e  drug  increafling  the  activity  of  the  glands  and  other 
oTpiis.  XiXcT  the  |Xfrspir.ition  is  fully  developed  the  intenml  tem- 
iMTaliire  is  generally  reduced,  especially  in  fever. 

Sm)e  symptoms  occur  in  cases  of  poisoniug  which  jwint  to  some 
aetioD  of  the  alkaloids  on  the  Central  Nervous  System.  Tints  frogs 
develop  well-marked  convulsions,  and  even  in  the  higher  animals  and 
titiui  tremor  and  slight  convulsive  movenienb*^  such  as  hi(-eough,  have 
bwu  observed.  In  the  later  stages  muscular  weakness  is  developed, 
and  the  slow  respiration  and  the  fall  in  bloixi-pressure  also  indicate  a 
WDiral  action,  which  seems  to  be  confineti  to  the  lower  parts  of  the 
nervous  system,  however,  for  consciousness  remains  little  altered. 
TW  s)*mptoms  may  lie  coniplicate<I  by  marked  convulsions  which 
ippcAT  Ui  l>u  <lue  to  the  anaemia  of  the  brain  and  do  not  denote  any 
dinrt  action  on  that  organ. 

Pilocarpine  and  muscarine,  while  resembling  each  other  in  general, 
proeat  some  p*»ints  of  diifereuc*?,  which  are  of  the  greatest  importance 
w  regards  tlieir  use  in  therapeutics.  Muscarine  has  practically  never 
Iwttn  introduced  into  lucditsil  prac^tice,  be<iause^  while  its  action  on  the 
quit«  ec^ual  to  that  of  pilocarpine,  the  gastric  symptoms 
much  more  readily  by  it.  It  is  also  a  very  much  more 
piwerful  poison  than  pilocarpine,  and  is  much  less  easily  pre|)ared  in 
pare  form. 

Preparations. 
(tfosoariiie  is  not  used  in  therapeutics.) 

>ns  (TT.  8.  P.),  Jaborandi  Folia  (B.  P.),  the  dried  leaflets  of  Pilo- 
Jitltumndi '  (and  of  P.  rielloanus,  U.  S.  P.). 
FUuUjfrortutn  IShmrjn  {V,  S.  P.),  ^-2  o.c.  (8-30  mina.). 
F.ttr,tc*um  Jnboran'ii  Liquidum  (It.  P.  |,  6-1&  mius. 
ri..r,ir,i  J.tiM,randi  (It.  P.),   \-\  fl.  Ur. 

i'lUM  AKiMS.*:  HYOROCHLORinuM  (U.  S.  P.)  (C^iH„N,0,HCl),  the  hydro- 
^  lie  of  nn  ulkaluid  uhuiued  from   PilornrpUf,  Inrin!*  muuU,  wbitv  tryrtUils, 
with  m  slight  bitter  tAHte.  deliquescent  iu  the  air,  very  soluble  in  water 
ihol.     O.tHCl-O.oa  CJ.  (,v-l  gr.). 
-IIXHTARPIN-.*:  Mtras  (U.  S.  p.,  B.  p.)  (G„H„N,0  IfNO,),   the  nitrate  of 
ilicBloid  obtuinecl   rr<iiii  Jabonuidi  leuves,  forms  u  whiu*  cryt^talliDc  powder, 
*^icb  b  »jlubte  in  8-9  purt«  of  LXild  water,  and  ia  trc«ly  soluble  in  hot  alcohol. 

^Tbe  pnet^mtiond  of  the  crude  drug  are  hut  little  used,  as  they  vary  greatly 

[their  iiotivily  and  cauiw  nausea  and  vomitinf;  more  readily  than  the  alka- 
li Kilt«.  This  is  explained  by  the  fact  that  they  are  al>8orl>ed  uiore 
ily  from  the  alimentary  canal,  and  therefore  have  longer  time  to  produce 
Ir  charai'teristie  etfect«  upon  it. 

Therapeutic  Uses  of  Pilocarpine. — Its  action  on  the  sweat  glands 
'i^crs  pilocarpine  much  the  most  powerful  diaphoretic  iu  the  pharma- 

-  jiibomndi  leflves  are  now  extr«melv  M-arce  and  have  been  supplanted 
^  >csirpus  pianaiilolius  and  P.  micropbyllua. 
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copoeia,  and  it  is  used  interaally  almost  exclusively  ^^^'^^^"'^gJ^dA^ 
In  various  conditions  in  which  excess  of  fluid  aocumul^   j^'/'    /{^^^^ 
pilocarpine  may  be  exhibited  to  remove  it.     In  dropsj^^   y^    ^  /id  *i 
due  to  renal  disease,  a  few  injections  frequently  redact    ly^^fji    <^ 
remove  the  effects  of  the  accumulation,  although  they  Ao  ^      /  t^^wff^ 
affect  the  diseased  tissues  directly.     By  unburthening    ^  '^iff     ^^  d  ' 
tissues  of  their  excessive  fluid,  however,  pilocarpine  ma/      i0  ^//     f^ 
nutrition  of  the  kidney,  and  thereby  promote  its  recovery-     \^^  ^     |^ 
due  to  heart  disease  pilocarpine  must  be  used  with  caution,       ^    ^ a 
its  exercising  a  depressant  action  on  the  circulation,  perhaps.  ^^//^ 
heart  itself.     In  some  other  pathological  exudations  pilocarpine  ^   /^yf/ 
been  advised,  as  in  pleural,  pericardial  and  subretinal  effusion.  ^   *H    i0 
be  remembered  that  after  the  diaphoresis  produced  by  pilocarpine  *^//' 
usually  sets  in  a  period  of  depression,  weakness  and  languor,  ana     ^0^ 
may  be  sufficient  to  counteract  the  improvement  obtained  by  the  ^^^ 
moval  of  the  fluid.     It  is  still  a  disputed  point  whether  pilocarpi^ 
possesses  any  advantage  as  a  diaphoretic  over  the  other  means  of  pf^ 
ducing  sweating,  such  as  hot  or  oold  packs.     Its  advocates  point  t^ 
the  fact  that  much  less  disturbance  of  the  patient  is  required,  and  that 
the  subsequent  depression  is  not  greater,  while  its  opponents  assert 
that  the  hot  or  cold  pack  produces  less  depression  and  is  not  accompa- 
nied by  the  unpleasant  salivation  and  occasional  nausea  of  pilocarpine. 
Accumulations  of  fluid  in  the  body  may  also  be  removed  by  way  of 
the  bowel  by  the  use  of  a  hydragogue  cathartic  or  preferably  a  saline 
pui^tive,  or  the  kidney  may  be  stimulated  to  special  activity  by  the 
use  of  such  diuretics  as  theobromine  and  caffeine.     The  last  method  of 
treatment  is  that  generally  preferred  as  it  induces  less  weakness  and 
depression  subsequently  than  either  of  the  others. 

In  ursemia  pilocarpine  sometimes  proves  of  great  benefit  if  exhibited 
early,  and  it  has  been  supposed  that  this  was  due  to  the  skin  taking 
up  the  renal  function  vicariously  and  eliminating  the  poison.  Some 
support  has  been  given  this  explanation  by  the  discovery  of  traces  of 
urea  in  the  perspiration  after  pilocarpine,  but  it  is  now  recognized  that 
the  urea  is  not  the  poisonous  principle  in  ursemia,  and  the  beneficial 
effects  are  probably  due  rather  to  the  removal  of  fluid  and  the  relief 
of  the  overstrained  circulation.  It  has  also  been  suggested  that  pilo- 
carpine acts  directly  on  the  kidney,  and  an  increase  in  the  urine  is  not 
infrequently  seen  after  several  injections  ;  but  this  is  to  be  ascribed 
rather  to  the  changes  in  the  circulation  following  the  removal  of  the 
fluid  than  to  any  direct  action  on  the  renal  epithelium,  for  which  there 
does  not  exist  any  satisfactory  experimental  evidence. 

Pilocarpine  has  been  used  in  a  number  of  fevers  and  in  diphtheria 
and  syphilis,  but  no  sufficient  evidence  of  improvemept  in  those  con- 
ditions has  been  brought  forward. 

In  ophthalmic  surgery  pilocarpine  has  been  employed  as  a  substi- 
tute for  physostigraine,  to  contract  the  pupil  and  reduce  the  intraocular 
pressure.  For  this  purpose  a  very  dilute  solution  of  the  salts  (2  per 
cent.)  may  be  used,  or  lamellae  of  gelatin  may  be  prescribed,  each  con- 
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mg.  (^\ji  pr.),  to  Iw  !aul  nn  the  conjuiu'tivii.  Thr  o<nilniction 
<A  tlx:  |ju|til  geueniUy  utuiun  iU  iiiaximiim  in  alnmt  J-1  lioiir,  auil 
in  3—5  ho(irt» ;  it  is  generally  less  complete  and  of  shorter 
Uian  that  seen  after  pliyaostigminc.  PiK»earpiue  first  in- 
cposa  and  then  lowers  the  intraocular  tension. 

In  various  diaeaiies  of  the  ear,  pilocarpine  has  been  used  with  good 
fffvts  in  some  eases,  but  it  is  quite  unknown  how  it  acts  Iiere.  The 
ii»miitioas  in  which  it  is  of  service  are  various  forms  of  labyrinthine 
di^asi',  and  some  forms  of  etfusion  into  the  tympanic  cavity. 
PilitcarpinG  was  at  one  time  recommended  us  au  eclxjlic  '  and  several 
i  of  aUtrtion  have  been  ascribed  to  its  use.  Further  experience 
Iwl  to  the  c*>uchision,  however,  that  if  it  possesses  any  action 
wlutwever  on  the  pregnant  uterus  it  cHily  docs  so  when  administcrtKl 
itt quantities  which  prmluce  umlesirable  secondary  symptoms. 

Pilocarpine  is  frequently  prescribed  in  lotions  for  the  hair,  and  a 
ran'tfwl  gmwth  of  the  liair  has  been  fre(|nently  seen  in  alopecia  treated 
in  ill  is  way.  Thi^  has  been  explained  by  its  action  on  the  glands  of 
the  skin,  inerr-astng  the  moisture  of  the  scalp  and  improving  its  circu- 
lation and  nutrition,  but  Tappeiner  found  that  tlie  local  applic-ation 
III' |iili>carptue  to  the  skin  produced  no  increase  iu  the  secretion  of  the 

In  castas  of  atropine  [misouing,  lai*ge  doses  of  pil<»carpine  have  been 
il  with  allcgc<l  good  results.  In  animal  experiments,  however, 
quantity  of  pilocarpine  neoesflary  to  antagonize  even  small  dosos  of 
itnqiine  has  Iteim  found  to  be  so  large  that  there  is  little  reason  to 
for  improvement  from  its  administration  in  poisoning  iu  man, 
>ially  as  the  action  of  atropine  on  the  central  nervous  system  is 
not  iDtagonized  by  pilocarpine.  In  poisoning  from  pilocarpine  or 
muscarine  simill  quantities  of  atropine  are  the  antidote  recommended 
ilikc  by  pharmacological  ex|ieriment  and  by  clinical  experience. 

MBscarine  Intoxication. —  In  Siberia  the  Agarlcus  rauscarius  is  used 
tofunn  an  intoxicating  l>everage.  The  symptoms  produce*!  are  hilarity 
«*l  jollity,  and  the  victims  declare  themselves  to  he  more  capable 
of  fttt?guing  exertions  than  they  would  be  without  the  preparation. 
Evtutiiidly  giddiness  and  somnolentM*  are  pnKhuH'd,  and  after  large 
tiii(-s  voraitin>;  and  cftovnlsivo  attooU**  may  follow  and  eventually 
fv  fatal  The  exhilarating  tflects  are  probably  due  to  the  presemx* 
«f  a  poLwD  disoovereil  by  Harmscn  and  not  to  the  muscarine.  This 
poiwm  seems  to  play  a  W)le  at  least  as  impoilant  as  that  of  mus- 
in  coses  of  amanita  poisoning  ;  it  is  not  antiigonized  by  atro- 
pine, and  its  chemical  natnre  is  unknown. 

*  An  ccboUc  i»  m  drug  iiswl  to  wacualc  the  contontA  of  iho  iitenis. 
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XV.     PHYSOSTIGMINE. 

Phyeostigminc  or  Eserine  ia  the  chief  alkaloid  of  the  Calabar 
or  Ordeal  bean  (PhyHostigina  venenosum),  which  grows  in  W< 
Africa  and  waa  employed  there  by  the  natives  ia  the  trials  by 
for  witchcraft.  Either  physostigmine  itself,  or  a  nearly  allied  all 
occurs  also  in  the  Kali  or  Cali  nut«,  the  seeds  of  Mucuna  urens.  Tlif 
constitution  of  physostigmine  (CijHjiN^Oj)  is  still  unknown.  Tiw 
other  alkaloids  have  been  found  in  the  extract  of  the  Calabar  beaniO^ 
are  probal)ly  prijducts  of  the  decon]|M)Hition  of  physoRtigmine,  whiAj 
a  very  unstable  Uxly.  These  art^  Chhifjftnite,  which  resembles  str 
nine  in  its  eflTects^  and  Eserifltne,  which  acts  in  the  same  way  as  ph) 
i^tigmine,  but  is  mnch  less  poisonous. 

Physostigmine  produces  a  number  of  symptoms  resembling  th< 
raiwcarine  and  ])ilocarpine  poisoningj  and  many  authors  describe  ^ 
three  together,  but  it  departs  in  certain  p(*ints  from  the  typo  of  ill*** 
two  drugs,  and  according  to  one  tlieor)'  acts  upon  a  difl'ercut  eel  1^ 
tissueg.  ^M 

Symptoms.  —  The  symptoms  of  poisoning  vary  but  little  in  diffcB^ 
animals ;  in  the  dog  and  rabbit  the  first  resalts  of  a  large  dose  w 
physostigmine  are  weakness  in  the  voluntary  movements  and  a  curioBS 
tremor  and  muscular  twitching,  begin niug  in  tl»e  bind  legs,  but  soon 
extending  over  the  whole  body.     The  animal  falls  on  one  side  and  cao 
not  raise  itself  again,  although  it  nnikes  i'Horts  to  do  so  when  touolM!<l> 

*The  literature  of  muscarine  and  pilocarpine  ifl^omiied  with  that  of  atrt>pine,  iuo9< 
tine  and  ptiystv^tifrmine,  that  n  etmipleti*  list  v-tiuhl  involve  numerous  repeliticuvi.  1 
iniiisi,  ijierefore,  refer  tho*iB  interested  lo  the  hihlicitinifihy  given  nndvr  ifiotte  g 
auA  r^fiail  mention  here  only  the  pujiera  whith  deal  very  largely  with  niuscnril 

piioearpiiie. 
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The  saliva  aad  tears  are  increaseJ,  the  bowel  is  often  evaouated  mid 
io  the  dog  vomiliug  h  coratuou.     The   respinitiou   in   at  first  rapid 
lod  deep,  and  later  slow  uud  dyspnoeio,  the  heart  is  weak  and  alow, 
and  the  pupil  ia  contracted  to  a  small  p4.»int.     These  symptoms  become 
mori'  marked  as  more  of  the  poison  i^eaches  the  blood,  tintil  the  respira- 
tion ««.Hi«.    In  cjits  these  symptoms  of  depression  anti  pamlysis  are  pre- 
eeded  by  a  stage  of  iiicnja-ned  movement  and  evident  anxiety,  but  the 
lalvr symptoms  resemble  those  In  the  dog.     In  man  physostigmine  elicits 
pRicticatly  the  same   results  as  in  the  dog,  vomiting  and  pain  in  the 
rt^ion,  dyspncea,  giddinesB  aud   muscular  weakness,  eontnic- 
of  the  ptipilf  salivation  and  perspiration.     The  heart  is  slow, 
K'ular  twitching  may  be  present  and  complete  collapse  follows.      In 
tlic  voluntar)'   raovenients  disap|>ear  soon  after  the  injection  of 
line,  the  respiration  ceases,  and   la.st  of  all  the  reflexes  are 
ilywi. 

Action.  — Many  of  these  symptoms  evidently  arise  from  depression 

of  the  Central  Nervous  System,  and  the  cause  of  death  is  the  failure  of 

lit*  respiration  fii>ra  paralysis  of  the   medullary  centre.     Some  doubt 

exiitBa»  to  what  parts  of  the  nervous  system   first  undergo  depression. 

Thm  aooording  to   Ilarnack  aud   Witkowsky,  the  higher  centres  are 

VBakened  earlier  than   the  lower  ones,  but   in   man  at  any  rate,  the 

CDoackniSDeBS    remains  unimpaired    after  ^nve   derangement   of    the 

lepiration  has  manifested  it:»elf  and  after  tlie  muscular  power  is  ci>u- 

stdenibly  depressed.     This  would  indicate  that  some  of  the  higher 

oprebnl  areas  pn^serve  tlicir  functions  after  others  have  lH»en  weakened, 

and  several  authors    have   therefore  maintained  that  the  depression 

oi»aimenc«s  in  the  annl  and  medulla  oblongata,  and  only  spreads  to  the 

OBJvbruiu  after  large  doses. 

Another  unsetlled  question  is  whether  the  stage  of  depression  is  preceded 
by  <m«?  of  *lirect  tsiimulntiun  of  the  nervous  wnlrea.  Some  symptoms  im- 
dcNtliUHlly  point  to  iin  increase  in  their  initubiUty  ;  for  exiunple  the  increased 
rcai|iiT«toTj'  movements,  and  to  some  extent  the  changes  in  tlie  bloiid -pressure 
Matrcely  be  explained  save  by  stimuliitiun,  direct  or  indirect. 
Further  evident^'  of  the  stimulant  actiou  of  physosti^mine  on  the  central 
icrv'^iis  Fv^tem  ha«  been  offered  by  ii^  etlV'cls  in  epileptics,  in  whom  the 
'■  intensity  of  the  seiztires  are  incn^ased  by  its  use.  Guinea- 
'i  epileptic  by  operative  proewlures  are  also  said  U.)  be  more 
ly  nttM'ked  when  phyHi>stif;niine  is  exhil>ited,  and  even  in  the  dog 
bnu  conviilsioiiM  on-nr  occasionally,  while  in  the  oat  u  stage  of 
^  a  rrgiilar  precursor  of  the  depr»*Hsion.  The**e  symptoms  have 
td  by  s<>mc  writers  us  due  to  stimulutiiui  of  the  central  nervons 
-SjMeia,  I  ■•'.  ■<:>  the  other  band,  may  be  due  to  the  |>eripheral  elfeets  of  the 
poiflDil,  ^u<  :i  .i->  the  ooiistriotion  of  the  air  passages  by  contraction  of  the 
bn>OGfabU  mudclea.  The  queslioa  as  to  whether  any  general  stimulation  of 
the  tsmutxml  nervous  syatem  occurs  in  physostigmine  poisoning  must  be  left 
\hr>  present. 


TIk'   mu-smdar  twitching  seems   to   be  entirely   independent  of  (he 

central  nervous  ^yslem,  for  it  is  not  prevented  by  division  of  the  motor 

rrves.     This  symptom  is  not  marked  in  frogs,  but  may  be  so  devel- 

in  mammals  as  to  simulate  convulsions,  and  is  due  to  stimulation 

SI 
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of  the  nervo  toriuIoatioDs  in  the  muscles,  for  it  is  prevcDti^  by  curai 
which  paralyzes  these.     The  antagooisni  between  these  two  alkaloids 
uiuttiiil,  iiji*  ilie  panilysis  of  the  motor  nerven  imhicet)    by  eurarA  m^^ 
be  removed   by   physostigmine  applicil  in  somewhat   large  iloses,  ai» 
animals  may  thus  be  recovereil  from  quantities  of  curara  wliich  woi 
other\vi»se  prove  fatal. 

The  Respiration  is  at  first  somewhat  accelerated  and  then  becot 
slow  and  weak.  The  preliminary  acceleration  was  explainwl 
Bezold  and  (lotz  as  due  to  stiiiudaliun  o{  the  seuBory  terniinationi»  in 
the  lungs,  while  others  regard  it  as  evidence  of  central  stimulation. 
The  suljswjuent  weakness  and  Hh>wn«'ss  of  the  breathing  is  undoubt(?(^1y 
of  central  origin,  and  death  Ibllows  from  the  failure  of  the  respirator)' 
c^Mitre. 

The  changes  in  the  Circulation  require  further  investigation. 
Small  iioses  slow  the  pulse  antl  increase  the  blood-pressure,  while 
larger  are  followed  by  great*fr  slowing  of  the  heart  and  a  fall  in 
the  blood-pressure.  The  slowness  of  the  pulse  is  due  to  the  poison 
acting  on  the  heart  directly  and  not  to  any  inhibitory  interference,  for 
it  occurs  after  large  quantities  of  atrupiue.  The  action  of  physostig- 
miue  ou  the  inhibitory  nerves  has  never  been  satisfactorily  dfcided,  for 
ats;ording  to  some  authoi's  they  are  unaife<Tte<l,  while  others  assert  that 
ihcir  irritability  is  increased,  and  Arnstein  and  tSntschinsky  even  state 
that  the  paralyzing  e1fe(!ts  of  atropine  may  tx;  removal  by  it.  The  con- 
tractiooH  of  the  marntnalian  heart  are  sometimes  said  to  bt^  strengthened 
by  physostigmine,  l>nt  this  is  erroneous ;  the  increased  amplitude  of 
thu  movements  mentioned  by  Hedbom  may  be  due  to  the  slow 
rhythm. 

Tile  increased  blood-pressure  hits  also  been  the  subject  of  some  dis- 
cussion. It  seems  inde[>endent^  in  part  at  le&st,  of  the  vaso-molor 
centre,  for  it  is  not  prevented  by  section  of  the  spinal  cord  or  of  the 
splanchnic  nerves,  operations  whicli  prevent  impidses  from  the  c*.*ntre 
n^achiug  the  vessels.  It  may  he  pnitly  dtu-  1o  the  powerful  contrac- 
tion of  the  intestines  expelling  the  blu^)d  from  the  mesenteric  area,  or 
to  direct  action  on  tho  muscular  coats  of  the  arterioles  causing  con* 
tracti(»n  and  thus  narrowing  their  calibre,  or  perhai)s  to  I)oth  of  tlntse, 
along  with  s<irae  incrcjise  in  tlic  activity  of  the  vaso-motor  eeutre. 

The  frog's  heart  Inyits  mon»  slowly  after  physostigniino,  but  here 
the  individual  contractiims  are  said  to  Ik*  strengthened  and  prolonged, 
and  there  is  definite  evidence  of  stimulation  of  the  heart  muscle,  which 
is  not  seen  in  mammals.  If  the  vagus  be  stimulated  in  tin*  frtig  after 
physostigmine,  it  produces  slowing  but  no  complete  standstill  of  the 
heart,  beeimse  the  irritability  of  the  muscle  is  so  nmeh  augnu'nte<i  that 
the  inhibitory  apparatus  can  nu  longer  entirely  control  it.  It  has  been 
sup|>osc<l  that  physostigmine  depresses  the  endings  of  the  inhibitory 
nerves,  but  this  has  been  shown  to  be  incorrect.  If  such  a  poiwm  as 
musciirine  produces  eompleie  standstill,  physostigmine  removes  it,  not 
by  inducing  deprt;s.sion  of  the  inhibitory  apparatus,  but  by  increasing 
the  irritability  oi  the  muscle. 
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IV  following  exi>eriinfnt,  which  is  inuiuly  a  rfpotilion  of  one  dt-vLse*!  hy 

k.  amy  »«rvi'  l4i  sbuw  the  rel:itiou^hi|>  iwlweon  the  eOects  of  u  whule 

|M>Uonr;,  which  ^fUfnilly  jtreseiil  rionie  difHciillieK  la  Ihi;  sAlmtent. 

fii\\  bmin  ami  spinal  furtl  destroyed,  is  stretched  ou  a  board,  and 

is  t:.\|Hjr*y*l  by  the  rumoviil  of  a  triauKular  pieee  of  skin  and  division 

thi'?t4*rnum.     The  poit»uni»  are  then   a])iilied   in  suoeeKttion  by  injetitinK 

i»  Iut4)  the  lym]>h  sno,  and  the  va^s  may  he  exposed  and  phiced  ou  oloc- 

7^1..  l-r.-rtion  ufnirofin4*i'ausedftlowinpf  of  the  heart  (Fijj.  30,  iV^.  followed  by 
f  '■'  normal  rbytbm,  after  whieh  vu^us  stimiilaliou  has  no  eflect, 

rli:..  .:..-. .iiion  of  the  BinuH  aiilt  slows  the  heart.  (Nit'otine  firvt  Htinm- 
Wnftand  then  parjilywa  the  pinRlia  on  the  ronrtie  of  the  inhibitory  (ibres.) 
Jfvtfiirine  uuw  lirin>;?i  the  heart  to  a  stHndsldl  (Fig.  30,  M ),  throiij^li  stinm- 
Utitmof  the  l<-riuiii.ilit»ns  of  the  inhibitory  fibres  in  the  nuLiele.  PhtjmMiiif- 
MV  h-vlor*-^  the  hntrt  t«  feeble  ihyihmic  contmctions  (Fig.  30,  P),  ihruugh 
itiiduUili»n  of  the  Miii^cular  fibres,  whieh  leads  to  a  partial  loss  of  eonlrol 
Ihi?  inbibiton*  upparatufl.  i'opper  s;ilt«  or  other  mnsenlar  depressants 
arrtiirn  of  thr  standstill  (Fij;.  SO,  C),  through  nentrali/ingtiie  stimu- 
li actiun  of  pbyst^stigniine,  and  thtis  uUowing  tlie  stiinidated  inhibitory 
fading  to  repiin  eontrol.  Atropine  finally  indmes  an  almost  complete 
to  ill.   normal  rbytbm  (Fig.  ;M),  A)  by  paralyzing  the  terminations  of 

V  nerves  and  Ihns  removing  the  elVeets  of  the  muHcarine. 
'.A  di^tinet  evidence  of  an  increa>je  iu  the  irritability  of  the  car- 
r  tlie  frog  after  i>h>*wostigmine,  and  this  is  dtffiruU  to  reconcile 

V  pult«ittion  g*'ncrally  seen   when  ]>hyposligmine  is  given  alone. 
Toaromalian  heart   no  sucb   evitlenee  of  an  increase  in  tlie  muscular 

Hlity  ha-*  been  adduceiJ,  iiud  the  vagus  arreats  it  as  easily  as  before  the 
iiairatiuo  of  the  puison  ;  according  to  soioe  investigators  even  more 

Pio.  30. 


^fV^A_JV/\Aj 


<rv- 


•f  llio  tr*>^»  vviitrlclv.     During  syslolo  liio  Imir  lujikw  itn  utH■1r<t1cl^ 
.V.  Aacr  muAuiriiio.     /'.  After  jili]rM»ti|[tuiun.    C  Anur  it  Bitj>iM>r 
Ivit.) 


Fliysiistijjinine  pnxluccs  |>owerfiil  oi>ntractions  of  the  Stomach  and 
lBt«sti&«  exactly  rvrH'nd^ling  tlio^e   eliciteil    by  muscarine  and   piht- 


324  OBQAmC  DBVQS  ACTING  AFTEB  ABSORPTION. 

carpine.  It  differs  from  these,  however,  in  causing  these  move- 
ments after  small  quantities  of  atropine,  while  lai^r  doses  of  atropine 
again  stop  the  contractions  set  up  by  physostigmine. 

The  Secretions  are  also  increased  by  physostigmine  as  by  pilocarpine 
and  muscarine,  and  here  again  small  quantities  of  atropine  do  not 
prevent  the  action,  while  larger  quantities  arrest  it.  Thus,  the  saHva, 
the  tears,  the  perspiration,  the  mucous  secretions  and  the  paacreatic 
juice  are  all  augmented  by  physostigmine. 

Besides  the  intestine  and  stomach,  a  number  of  other  muscular 
otgans  are  thrown  into  contraction  by  physostigmine — ureter,  bladder, 
uterus  and  bronchial  muscle.     The  Intraocular  Mnaclea  also  undergo 
contraction,  and  their  movements  under  physostigmine  have  been  tbe 
subject  of  a  large  number  of  investigations  and  of  a  good  deal  of  con- 
troversy.   The  pupil  contracts  when  physostigmine  is  employed  dtheT 
locally  or  internally,  and  this  contraction  may  be  lessened  by  the  sub' 
sequent  application  of  atropine,  but  is  not  altogether  removed  except 
by  large  quantities.     On  the  other  hand,  the  dilatation  of  the  popil 
produced  by  small  quantities  of  atropine  may  be  diminished  by  physoft- 
tigmine,  but  the  resulting  contraction  is  much  less  than  that  caused 
by  physostigmine  applied  to  the  normal  eye.     The  ciliary  muscle  is 
acted  on  in  the  same  way  as  the  pupil,  so  that  the  eye  becomes  accom- 
modated for  near  distance,  and  atropine  induces  the  same  modifica- 
tions.    The  effects  of  physostigmine,  then,  on  the  intestine,  secretory 
organs,  pupil  and  ciliary  muscle  are  strictly  analogous,  and  are  gen- 
erally attributed  to  the  alkaloid  stimulating  the  terminations  of  the 
nerves  in  these  organs.'     It  therefore  resembles  pilocarpine  and  mus- 
carine but  its  antagonism  to  atropine  is  much  more  complete,  and  a 
renewal  of  the  secretion  or  contraction  after  atropine  can  be  elicited 
much  more  easily  by  physostigmine  than  by  muscarine  or  pilocarpine. 
The  intraocular  pressure  is  considerably  reduced  by  the  application  of 
physostigmine  to  the  eye  and  this  has  generally  been  attributed  to  the 
contraction  of  the  pupil  facilitating  the  escape  of  the  fluid  by  allowing 
it  freer  access  to  tlie  spaces  of  Fontana.     But  the  latest  writer  on  the 
subject,  Gronholm,  states  that  it  is  due  to  a  contraction  of  the  intra- 
ocular vessels,  which  lessens  the  secretion. 

Physostigmine  is  Excreted  in  the  urine  mainly,  appearing  in  it  a  few 
minutes  after  its  injection.     It  has  also  been  found  in  the  saliva  and  bile. 

The  symptoms  of  poisoning  with  Calabar  bean  are  identical  with 
those  caused  by  physostigmine,  except  when  an  old  preparation  con- 
taining calabarine  is  used,  when  some  stimulation  of  the  spinal  cord 
may  be  induced. 

Preparations. 

Physostigma  (U.  S.  P.),  FhyBostigmatis  Bomina  (B.  P.),  Calabar  or  Or- 
deal bean,  the  seeds  of  Physostigma  venenosum. 

Extractum  Physoatigmatis  (U.  S.  P.,  B.  P.),  0.015-0.06  G.  (^-1  gr.). 

*  Another  theory  formwhited  hy  Hamack  J9  !hat,  while  atropine  acts  on  the  tennina* 
tionH  of  the  nerves  in  these  organs,  physostigmine  acts  upon  the  oi^ns  tbenuelves — 
on  the  secretory  cells  of  the  glands  and  on  the  muscle  fibres  of  the  intestine,  pupil,  etc. 
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(U.  S.  p.).  1-3  o.c.  (15-15  mins.). 
aiCYLAB,  ewriiiD  HalicylaU)  (U.  8.  P.),  0.003  G.  (jS  gr.). 
hfrwitrrhikLNJC  Sulphas,  eaerine  8uJi>httte  (C  8.  P.,  B.  P.),  0.001-0.003 

Umeth  PhtfwMigmina!  (B.  P.),  each  containing  i^^  gr.  of  pU)'sostigmine 

tulpbate  aiid  aulicylat«  of  physostigmine  are  colorleas  or  faintly  yeN 

isyitUil!*,  without  oiior,  but  itonscssiiig  u  bitter  tartt«.     The  milphiite  is 

JlilUHH'fiit  in  the  air  und  is  very  soluble  in  both  ulcohol  and  wntur.     Thu 

is  not  di'liquesc'cut,  hu8  usually  a  slight  acid  reaction,  aud  is  »oIu- 

parte  of  cold,  or  ;{0  purt8  of  boiling  water.     Both  halts  undergo 

ition  when  kept  in  solution   and   then   oMume   a  reddish-brown 

or;  the  addition  of  liorir  or  sulphurous  acid  to  the  solution  i»  said  to 

^1  Uiis  deiMjmpoflition.     Pn.'puriitiotis  of  the  crude  drug  al!U>  lose  their 

idint)'  wheu  kept  for  some  time,  but  these  are  very  seldom  prescribod. 

Tberapentic  Uses. — Physostigminc  Huh  been  used  for  its  depressnnt 
lU'tKiDoii  ihf  central   nervous  system  iu  cases  of  abuormul  excitability 
'if  llie  cerebral  cortex.     Id  epilepsy  anil  chorea  it  has  received  a  fairly 
i:il,  but  has  provetl  of  little  or  no  service  in   most  cases, 
■  \  ely  deleterious  in  some.     The  results  in  the  treutmcnt  with 
it  tit  other  diseases  of  the  centnil  nervous  system,  such  as  tetanus,  have 
heea  uu  more  favorable,  so  timt  it  has  folleu  into  disuse. 
In  rvwnt  years    physostigiuine   has   been   given  in    pills  or  hypo- 
nicidly     iu     cim's    of    atony    of    the     intesline    leading     to    tyui- 
ifiu  and   niefiX)risrn.      liut  it  is  chieflv  use<.i  for  its  actitui  on   the 
r  muAcles  and  tension.     For  this  purjioae  a  solution  of  J— 1 
ttnt,  is  dmpped  in  the  eye,  2—4  drops  at  u  time,  or  small  <lLsc^  of 
^latio  impregnated  with  the  alkaloid  may  be  applied  to  the  conjunc- 
(B.  P.).     The  pupil  lK»gins  to  ct>ntracl  In  ri-lfj  mituites,  and  ul- 
il:*  siuallest  size  in  half  on  hour.     It  remains  contracted  12-14 
and  aoconiing  to  some  observers  a  difference  in  the  size  of  the 
popila  may  l>e  made  out  for  several  days.     The  ciliary  nius<:*lc 
along  with    the   iris,  and    the  eye   beconn^   accommmlated 
distances.      This  action  on  the  accomin<Mlation  passes  off  in 
rs,  but  the  siglit  is  often   rendered  indistiuct  for  some  hours 
r  by  alternate  oontraction  and  relaxation  of  the  ciliary  muscle. 
acti<m  of  physosfigmine  on  the  eye  differs  frfini  that  of  muscarine 
lor  tbe  former  acts  moiv  on  the  pupil,  the  latter  on  the  ciliary  muscle, 
MmI  the  pupil   is  often  ci»ntracted  by  physostigmine  while  the  accom- 
ONxintioa  is  pmcticjdly  unchangcil.     The  intraocular  pressure  is  some- 
what ioercaseii  at  first  aud  subsequently  sinks.     Its  action  in  narrow- 
ing the  pupil  uftiT  atropine  has  been  made  use  of  to  remove  the  dilation 
prnduoetl  mj  trcquently  in  ophthalmic  so  ryerj;,  but  some  newer  tro|K»ines, 
whtrli  pntduiv  a  shorter  niydriiLsis  than  atropine,  have  almost  driven 
^it  from   tins   tidd.      It  antugcmlzes   the  dilatation  of  the   pupil   afU^r 
^BiimiAimpiite  aud  cocaine  much  more  successfully  than  that  due  to 
^V  It  has  als<t  Im'pu   used  in  c^ses  of  synechia  (attachment  of 

W  ''  ^  ti>  the  lens)  alternately  with  atropine.     The  alternate  contrac- 

tuta  antl  dilatation  of  the  pupil  wouUl,  it  was  hoped,  break   down  tlie 
•ktaobinent,  but  the  condition  is  now  generally  treated  by  operation. 
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Pliysostigniino  is  now  rhiffly  eniploywl  to  reduoc  the  intraitctiar 
presHUiv  ill  ^luuct>ri]u. 

Physostigmine  Poisoning  liiis  owurrcd  only  from  eating  the  Ix-an  u 
yet,  ami  in  in  l»e  treaU'd  by  the  usual  na-tlnHls  of  cvacualiou  of  the 
stomach  uud  other  general  measures.  It  has  In'on  found  tiv  Frurf 
that  atropine  aets  as  an  antidoti?  to  physostipmine  in  animal-,  ami  il 
might  Ik?  tried  in  cuse.s  of  |>oisoniug.  Thu  fti!!  dostr  of  jitrnpiitr  i* 
required. 
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R6sum6.  —  A  iinmhcr  of  the  groui)9  of  alkaloids  discussed  up  to  thw 
point  act  on  thr  iJ'.nmi  ]X'riphend  organs  and  genendly  present  saimi'tiifli 
culty  to  the  student,  so  tlmt  a  few  general  remarks  reganlinj:  them  nia^ 
be  of  service.  Thene  drugs  acts  at  two  distinct  |>oiuts — tin-  [KTipluTU 
gauglia  and  the  t^-Tminationd  of  tiie  oerves  in  the  mn.scnlar  or  ;r!;iti(ln 
kr  tissues.  Nicotine,  cunira  and  (X>niine  aft'ect  llie  gauglia  (Fijr.  J  I 
N);  muscarine,  pihwariiiiit?,  phy.sostigmine  and  atropine  the  lemiin:*' 
tious  in  the  organs  (.T/,  Fig.  •U).  Curara,  couiinc  and  atropine  a 
purely  depressant  in  tlirir  p'Tipheral  action  ;  nicotine  is  iir-it  stiniulan* 
and  snbsr*(UL'ntly  duprcssanl,  whih-  muscarine,  pilo<rjirpine  and  pln-o?^'' 
tigminc  are  practically  purely  stimulant.  Tlie  action  on  the  gui^rlia  » 
quite  indepemlcnt  of  that  on  the  nerve  ends,  and  either  may  be  suroti- 
hited  or  depressed  after  the  others  iiave  been  paralyzed.  If,  howcveTf 
the  nerve  ends  Ije  panilyzed  (Fig.  'il,  'i)  as  by  atropine,  ehange.«  in  th* 
ganglia  will  have  no  apparent  effect,  as  the  impulses  arising  iVnrn  ttcir 
stimulation  are  blocked  in  the  nerve  ends,  ami.  on  the  other  liaml.tlieif 
paralysis  does  not  ciuise  any  further  retardation  of  centrifugal  ir»>" 
pulses  which  are  complrtely  bhicked  already.  After  paralvhis  yf  l^*^ 
gimglia  (Fig.  •*il,  -i)  the  stimuhuion  of  the  nerve  ends  is  followed  hy 
the  usual  symptoms,  because  the  impulse's  pass  from  the  nerve  cwUt*' 
the  epithelium  tlirtn'tly  without  the  intervention  of  the  ganglia.  Thitf* 
muircariue,  pilocarpine  and  physostigmine  act  after  tlie  pai'aJvsis  of  ibt? 
ganglia  V>y  nicotine  or  coniine.  If  the  ganglia  Ik»  paralvzed  fin^.tk 
paralysis  iif  the  m^rveends  by  atropine  is  (itllowrtl  by  no  cluiU^e  mtlei^ 
the  latltT  have  Ix'cn  in  a  state  of  activity.  While  it  is  imivonskllT 
acknowledgctj  that  atropine  arrests  the  action  of  mus<*arino  and  pilo- 
carpine by  paralyzing  the  pointis  at  which  tliesc  unfold  tlicir  action 
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*nt  stimulation  of  the  panilyxe*!  terminaliooM  by  further 
wlmiDwtnitiunsof  rauscariue  or  pilocurpiue  is  by  no  means  so  gouerally 
(wliciwl.  The  Btat4?mi.'nt  that  a  panilyzed  organ  rannot  bo  further 
stimulated  siftiis  to  have  ussunicd  ahnost  tht*  authority  of  a  theolojj^ical 
cA^iui,  allhoiigb  nunu-rous  points  not  only  in  the  peripheral  action  <»f 
lii<si'  (inigs,  hut  also  in  that  of  others  on  tlie  centnil  nervous  system 
CMonot   be   eafiily  explaitied   ex- 


cept on  tho  opposite  aseumption. 

Stitne  of  the  diffieulties  mniVoul- 

iag  the  adv»x'ates  of  this  theory 

iiavc    been    already    mentioned, 

d    otiiors  will  be  met  with  in 

the  course  of  this  work.      If  it  lie 

Ie^ranted   that   a   paralyzed  tissue 
p^ay  be  rcstftnil  by  the  action  of 
Stimulant  drugs,  the  action  of  the 
l«*rogiiing  alkaloiils  is  much  sira- 
(»li6ed.     Thus  atropine  paralyzes 
«-l»t.'   nerve  terminations,  but  these 
^^k^ay    Ik;  restored   to  activity  by 
^■^"ery  larji^e  quantities  of  rausearine 
^p>V    luUH'^rpiue,  unless   the   (pmn- 
^^ity   of  atropine  given  has  been 
t^-H*    hirpi*.      The    quantity    of 
^^phy:4iistigmine    requirt'd    to    re- 
fetijrt  them  is  miieh  smaller  than 
that  of  pilocarpine,  and  its  up- 
V^"<^tion  is  therefore  niueh  more 
f'lM^Gesfeful  in  reinstating  the  am- 
ditiou     of    active     gtimulati4)n. 
Thc«e  differenees   b*?t\veen    pilo- 
ear|itn4?  and   phy.'toMigniiue   may 
I^rfaiip8     W    explained     on     the 
MM»Iog\'  of  the    chemieal    theory 
fit   tawtf  artiim  ;    the  *'  affinity  '* 
•tf  ntropine  for  the  nerve  ending^s 
i»    then  trniJti'r  than  that  of  any 
of    tlur  othrr  alkaloids  under  dis- 
cussion, (Itnt     of    phypostigmiue 
Bv^t,  mud    that   of   pilocarpine 
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[iia(CT«m  of  ■  nftrve  Rbn*  mippljplnp;  a  uvrplur; 
gUoil.  V,  irrmlriKltnns  "f  xhr  r- '  ^  -t  t>n| 
rivr^e   r«uii<l  n  daiigltoii  coll,     V  <- 

iiriii»  III  titi)  I'lillTivlium  i»f  tin*  •yi";  '■■ 

ffMlll    Dtp    KVttKlllIM    L-vII.       Ill    I    lloi  <'••>. '.■- 

twerti  (liF  ct^iiitml  tivrvoua  <ij'i>tvm  iiu<l  tbr  «i>t>itt- 
tory  rt'li*  h  intu-l,  bihI  .ircrt'lliui  may  Ih-  litiliu-nl 
bv  lni|tii|ir«  from  ihp  rfiitn-*,  by  iiilniiilnlii>n  al 
A  or  »i  .V.  Ill  f  ull  lonnw^iii'iQ  liviwovn  iho 
iturvf  nD<l  Ihf  rpiiholldiii  i»  drakfu  <iir,  An>l  «^ 
vrvtluu  ciui  btf  hidiiixtl  unly  by  ftlmulalltiu  t-^r 
Ihi;  serretorjr  crIU  ur  li<r  re^lxriiiR  tht-  iiiiiii(yw 
tion.  In  J  ibt*  mtiincdliiiti  In  liiivmi)il(*<l  In  thti 
f;au^lloii.  atiil  fti*i-n*li<>tj  can  bi*  cAiiotHl  iiiii)'  tiy 
tlru^  >4.'iiiiK  •Itn^-ily  oti  the  vplihulltiiu  t»r  vn 
Uip  tpnnlniit|t>n»  V. 


moid  miii^ariue    leapt.     The   hist 

meoiioncil    an'  therefore  expelled    from  their  combination    with   the 

pf>itimlai,m  by  vcr\-  small  quantities  of  atn>piue,  and  have  to  bo  given 

ID  \\T\-  Inrgi*  (|uantities  to  remove  the  atropine  from  its  combination. 

On  ihe  orlher  hand,  the  attraction  of  physostigmine  for  the  nerve  emls 

swtD?  mueh  grwit^^r  ;  larger  quantities  of  atropine  are  required  to  dis- 

pW  it,  and  smnllcr  quantities  of  physostigmiuc  restore  the  activity 

of  iW  nerve  ends. 


iVI.     ACONTTINB. 

This  series  embraces  a  number  of  alkaloids,  which  resemble  eidi 
otfier  m  dnsely  in  their  chemical  and  pliarmacological  prr^nfrties  w  to 
tllow  of  their  Ijeing  treated  together.  Some  of  them  wbicli  wett 
(Wrmerly  believed  to  he  i»erfecUy  distinct,  are  now  said  to  l>c  idential, 
and  it  i&  not  improbable  that  future  iuvestigaiion  will  still  funher 
n-duce  the  numbers  of  the  group. 

Thenc  alkaloids  are  found  in  a  number  of  species  of  the  Awnitum 
genus,  the   best  known  of  which  are  Acouituoi    Napelhis  containing 

(C^H^^NOj,   and  Accmitum  Japonicum,  Japacfmi/inc   (C  11  \0  ). 

When  aqueous  solutions  of  these  alkaloids  are  heated^  Ih^v  m 
broken  up  into  one  or  more  acids  and  simpler  bases,  so  that  tJiev  may 
Im^  cl:tHtt(?d  with  those  of  the  atropine  and  cocaine  series,  wliioii  an- 
Hiniilarly  deoomposwl.  Ac«^nitine  forms  acetic  acid  and  Bensnconm 
(or  picroaconitine),  which  may  again  be  broken  down  into  benzoic  add 
utid  Acmtinc^  so  that  aconitinu  w  acctyl-benztiyl-aconine.  PsenrLintni- 
tino  forms  I*Mnuitieoiiinej  and  Ja[wict)nitine  JajHieouine  in  the  saint'  \\:n: 
These  decomposition  products  are  Ibund  in  the  plant  and  in  thf  ordi- 
nary prepnnitiniis,  and  in  many  of  the  commercial  "  aconilim*" 
Iwmmconiue  ami  aconine  occur  in  varying  proportions,  so  that  their 
toxicity  varies  very  considenibly. 

Another  albdoid  which  resembles  aconitine  closely  in  its  plmmw- 
cological  actinn,  l>ut  which  is  less  known,  is  Ddpkinine,  It  is  fuuDd 
in  stavesacre  (Dephinium  Staph ii^agria),  along  with  a  number  of  other 
bases,  which  may  be  tlio  protlucts  of  its  decomposition. 

Tlie  »yi]iptoms  eaused  by  aconitine,  pseudaconitiue,  japaconidm'.and 
delpliinine  an*  very  siniilur,  difrtTiri;^  muiuly  in  degree  and  notiji  kind. 
Ps4ft]daconiiiiie  is  more  paisontms  than  jajKiconitine  which  ia  lure  i-i 
slightly  more  active  than  aconitine.  Delphiiiine  is  much  less  poi- 
sonous. 

SymptomB.  —  A  fter  very  large  quantities  of  aconitine  death  may  vt- 
suit  iustantaucimsly,  apparently  from  simultaneous  failure  of  tl»ehfl»rt 
and  central  nervous  system. 

If  smaller  quantities  be  swallowed  there  is  noted,  after  the  ordloarr 
bitter  taste  of  the  alkaloid,  a  feeling  of  warmth   in   the  month  and 
throat,  which,  agreeable  at  first,  soon  becomes  prickling  and  tinglinjTt 
and  extends  to  the  stomach  and  eventually  to  the  skin.     This  is  8*^- 
companicd  by  a  profuse  How  of  saliva,  and  often  by  vomiting.     The 
pulse  IB  very  slow,  and  may  be  irregular,  and  later  becomes  weak  and 
im|>erccptible,   when  sym|itOHis  of  collapse  appear.     The  respiration 
is  slow   and  labored,  and  great  muscular  weakness  is  comjtlaiued  of. 
After  a  time  the  smarting  and   tingling  of  the  skin  are  no  longer  fdt, 
and  on  examination  the  eutancous  scasibility  is  found  to  be  much  i^ 
dxiced.      The  intelligence  remains  unimpaired  to  the  last  in  many  casi-«, 
oit/io^Hb  unconsciousness  sometimes  occurs,  and  death  is  gi*ner«Uy, 
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rariably,  preceded  by 


ilaioDS.     The  pupil  is  unaffecte(i 


conv 
convulsions  suporvenp,  wnen  it  is  uimteti.  iiiy  pncKiiiig 
t  and  skin  is  the  must  characteristic  sytiiptotn,  and  is 
diagnostic  in  cases  of  poisoning,  no  other  drug  excepting 
laving  this  effect.  Death  is  due  to  paralysis  of  the  respira- 
j  from  the  direct  action  of  the  poison,  although  this  may  be 
iiiemia  of  the  metlulla  frinn  the  inijierfoet  circulation. 
|1  doses  Rconitine  iaducMis  slowing  of  tlie  heart  and  slight 
weakness,  which  is  often  accompanied  by  tingling  of  the 
le  and  thrnat. 

■ — The  prickling,  tingling  sensation  is  due  to  an  aiTection  of 
ftal  Organs  of  the  Sensory  Kerves,  as  is  shown  by  its  appearing 
(  point  of  application  of  the  drug.      Thus,  when  aconitine  is 
the  prickling  and  warmth  is  felt  in  the  lips,  tongue,  and 
1  after  small  doses  may  be  confined  to  these  parts,  while  if 
>nt  containing  aconitine  be  rubbed  on  the  skin,  the  same  sen- 
induced  liKiaily.     But  no  redness  or  swelling  of  the  skin  is 
or  are  blisters  formed,  so  that  aconitine  diiFers  entirely  from 
)f  skin  irritants  (page  78).     It  evidently  acts  by  stimulat- 
irminations  of  the  senst)ry  nerves,  more  especially  those  of 
ensation,  while  the  other  sensory  eml  organs  have  not  been 
l>e  invrdved.     Thus,  apart   from   the  bitter  taste   which  it 
n  common  with  all  alkaloids,  acoiiitiuc  has  no  elfect  \i\yon  the 
fas  during  this  stage.     The  stimiiiation  afterwards  passes  into 
n,  which  induces  a  sense  of  numbness  at  tlie  point  of  applivia- 
cases  of  poisonings  in  all  tlie  surfaces  of  the  lx»dy.     The 
sei^m  to  be  involved  in  this  effect,  if  Ijahorde*s  statetnent 
t  that  sweet  substances  have  no  taste  after  aconitine.     The 
of  the  sensory  terminations  often  causes  a  number  of  reflexes, 
neezing,  coughing,  increased  secretion  of  s:diva  and  vomiting, 

Forae  of  these  may  be  due  in  part  to  stimulation  of  the 
centres.  Kvidence  of  the  stimutation  of  Other  Terminationa 
id  in  fibrillary  twitching  of  the  muscles  in  the  frog  and 
in  mammals.  This  is  prevented  by  curani,  but  not  by 
the  nerves,  and  is  therefore  attributed  to  stimulation  of  the 
(tos  uf  the  motor  nerves  in  muscles.  The  muscles  themselves 
kratively  little  affected.  Waller  stat<.'s  that  vvvn  minute 
lof  aconitine  abolish  the  irritability  of  nerve  fibres  when  it 
f  applied  to  them. 

Fecta  of  aconitine  on  the  Olrcalation  are  somewhat  complex^  as 
'  is  affer.ted  directly  by  it,  as  well  as  through  its  itihibitorv 
the  vaso-motor  centre  is  stimulate^l  in  addition.  The 
s  first  accelerated  from  the  direct  action  of  the  p<iison,  but 
s  into  the  slow  pulse  and  prolonged  diastole  which  are 
of  inhibitory  action.  The  subsecpient  standstill  mav  at 
,'ed  by  atropine,  bnt  somewhat  later  this  remedy  fails,  as 
ins  to  act  directly  on  the  heart.  A  second  acceleration 
induced,  but  the  contractions  soon  become  irregular,  and 
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groups  of  almost  normal  beats  alternate  wth  peristaltic  movemeol 
wliicli  fail  to  ex|)el  any  bIo<Ml  from  the  heart.  I^ater,  the  larg«  onntru 
tion-s  may  alternate  with  periods  of  complete  quiescence  in  tlie  vcntricll 
while  tlie  aurieiea  continue  to  beat,  and  stinmlatiou  of  the  nixxltniii 
nerve  is  followed  by  periods  of  regular  ci>utraction.  The  lieart  mtujcl 
gecrus  to  have  lost  in  great  part  its  power  of  conducting  impulso5,a| 
that  the  contraction  of  the  auricle  ollen  fails  to  excite  a  venlri<n)lal 
s^iitole;  but  if  the  conductivity  be  increased  by  stimulation  of  tbi 
accelerator  nerve,  or  if  the  ventricle  be  excited  by  a  series  of  elcciq 
shocks,  it  resiKHKlrt  by  rhythmical  ennti-actions.  MM 

In  mammals,  the  preliminary  qiiirkening  of  the  heart  is  DiasKn^ 
the  strong  stimulation  of  the  vagus  centre.  This  produces  markrt 
slowing  of  the  pulne,  an  increased  ditatiou  in  diastole  and  a  le^^ 
systolic  contraction  ;  the  amount  of  bhxtd  leaving  the  heart  is  consider 
ably  reduced  and  the  circulation  is  slackened.  These  symptoms  awtl^ 
only  ones  seen  in  the  heart  except  with  very  large  doses  of  the  (lni| 
They  are  shown  to  be  due  to  the  action  on  the  iohibitory  centre*  il 
the  uiedulhi  by  the  fart  that  section  of  the  vagus  brings  the  heart  bad 
to  its  normal  rate  arid  extent  of  contraction.  In  nie<iicinal  doses,  tb«| 
the  oidy  elTeet  of  iiconitine  on  the  heart  is  duo  to  the  vagus  stimulalitX 
the  direct  cjirdiac  action  not  coming  into  play,  and  the  ndmiui>tnit)ol 
of  aex>nite  in  therapeutic  is  one  of  the  best  methods  of  eliciting  puB 
and  uiimixud  iiihiltition. 

In  fatal  do^es,  acoiiitiuc  exerts  a  further  action  on  the  heart,  bo* 
ever,  for  the  direct  muscular  action  now  comes  into  play  and  til 
heart  suddenly  actu'tcratcs  from  the  slow  vagus  rhythm  to  one  farabo* 
the  normal.  At  the  same  time  it  becomes  irregular,  with  a  tendew) 
txnvards  the  formation  of  i;n>ii|>i^  of  imperfe<^t  contractions  and  of  cu* 
tract itms  originating  in  the  ventricles  independently  of  the  auricles,  i 
the  vx'X'nm  becomes  more  intense,  the  irregularity  increases,  and  event! 
ally  the  heart  jmsses  into  delirium,  A  curious  fact  has  been  noted  t 
Bcvend  observers  —  that  after  section  or  paralysis  of  the  vagus,  a  iaa< 
larger  quantity  of  acotiitine  is  rer|nired  to  produce  the  acceleration  a* 
tinal  detiriimi  tluni  when  (he  nerves  iu-e  Intact.  It  has  generallv  hei 
statpd  that  the  cjiuse  of  the  accelcratiim  is  jmralysis  of  the  vagus'tcmi 
natioiis,  but  besides  this  there  is  evidently  strong  stimulation  of  d 
eanliac  muscle,  for  the  acceleration  occurs  after  division  of  the  v»J 
and  even  in  the  excistHl  heart.  The  aiiriculo-ventrieular  rhvthm 
disturbed,  the  auricle  often  beating  at  a  dift'erent  rate  fnun  they'd 
tricle,  and  the  alternate  ct)nsonance  and  dinsonance  of  their  iX)ntnkcdol 
partiv  exphihis  the  variations  in  tlic  ventricular  rhythm  and  strcni^tl 
Tfie  bliHul-pressnrc  in  niammalii  falls  rapidly  from  the  lessenwl  oiil 
put  of  the  heart  in  tlie  stage  of  vagus  stiimdation.  There  is  sow 
(.yi(]t^oce  of  an  ac-tion  on  some  p:irt  of  the  vaso-motur  mechanism  1 
wcU  ^^  some  observers  have  noted  a  rise  in  arterial  jiresisure  nS\i 
aw/lit*"^  in  aniuirds  in  whieb  the  vapi  had  Utvn  divided  or  paralvi:c 
h'foV^*  the  exhibition  uf  tl^e  drug.  The  fact  that  the  vagus  eeutro  ib< 
8t      i£^y  stimulated  would  also  suggest  the  probability  of  some  i 
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iUv  activity  of  the  vaso-raotor  area.     After  the  stage  of  acceleration 
y  sot  in,  the  l>I™i(l-|irertsiirt^  l>eeomes  extremely  irregular,  alternately 
iukiii<?  to  zcrti  atul  tvinaiiiing  at  that  point  fur  some  s>'cuiids  ami  again 
uitiunioj^  ft  fair  height.     These  variations  are  evidently  due   to  the 
nlK.'rtm!toii&  in  the  heart's  movements.     Tlie  vjtso-motor  centre  seems 
eveutujilly  to  lioconio  panilyzwi,  for  it  has  been  foinul  that  stimulation 
i>f  nn  atfi-rent  nerve  proJiu'*?<l  no  ehanj^  in  the  tension,  while  stimula- 
tion ni'  the  ellerent  vasomotor  nerves  still  (iansetl  a  niark(-*d  increase. 
Thf  va-io-motor  nerves  and  their  terminations  in  the  jwriphery  seem  lo 
I  be  uauff<'<'to<l  by  this  poison. 

'Hie  Eespiration  is  early  affected  by  aconltine ;    it  bec4mics  muck 
sWrr,  lliL*  movements  are  more  labored  than   normally,  and  the  ani- 
mal »nff^>rs  from  marked  dyspn(ea.     The  accessory  rt'spiratory  muscles 
Cimtnicit  vigorously,  and  the  movements  of  the  abdominal  expiratory 
iiia<cle«   are  so  piiwerfnl  as  to  suggest  the  movements  of   vomiting 
TBtlier   than  of  respiration.     In  fatal  cases  the  respiration  soon  be- 
c»«n«  ititi-Trupted  by  oonvalsions,  and   in  the  intervals  between  these 
ln-CJitnt's  weaker  and  eventually  ceast«.      Various  explanations  of  the 
n^pinttory  phenomena  have  been  given.     It  is  certaitdy  not  due  to 
•ction  on  the  phrenic   terminations,  for  the  diaphragm  contracts  on 
tlrtirifiil  stimulatitm  of  these  nerves  after  its  spontaneous  movements 
bvf  ct-aserj.     The  dyspncea  resembles  somewhat  that  seen  on  stimu- 
htimi  of  the  centripetal   HI)ros  of  the  vagus,  and  the  theory  has  been 
propindetl  tlu&t  aoonitiiie  dtimulatcfi   the  vagus  tenuiualions   in  the 
lunoi  in  the  same  way  as   tlie  sensory  terminations  in  the  skin.     The 
»am**  dy -spnt pa  is  seen,  however,  when  aconite  is  given  after  scetion  of 
the  vai^i,  so  that  it  seems  to  be  due  to  some  action  on  the  respiratory 
ontrp. 

The  adion  of  aconitinc  on  the  Central  Nervous  System  is  still  a 
iMti^rof  ilispnte,  as  the  effects  on  the  periplioral  nerve-ends  tend  to 
*>W:iir<>  rhf  symptoms,  but  there  can  be  no  doubt  that  certain  jwirtsnre 
*tiraiil:it('d.  Thus,  the  vagus  centre  is  undoubtedlv  thrown  into  a  eou- 
'iiiiim  of  increasctl  irritability,  for  inhibition  of  the  heart  is  a  marke*! 
feUureof  the  action.  Probably  the  vaso-constrictorft'iitre  also  nnder- 
n-^  stimulation,  and  the  vomiting  so  oi\en  seen  may  bo  caused, 
i  in  part,  by  increased  irritability  of  the  nu'diillary  centres, 
riic  mnvnisions  seen  in  both  cold-  and  warm-b]<MKled  animals  also 
\*m  to  central  stimulation,  and  the  res]>iratory  syn»ptoms  are  certainly 
ofwntml  origin,  though  their  explanation  is  still  unknown.  The 
w^iMT  itrntres  seem  to  be  almost  unutVeetetl  by  the  drug,  ibr  eouscious- 
"t^^  h:w  often  remaine<l  to  the  end,  and  when  this  is  ivot  t!ie  ease,  the 
'■ratal  symptoms  are  to  be  ju*erilH'd  to  the  changes  in  the  heart  and 
Aspiration.  The  stimulation  jirodnced  by  aconitinc  is  therefore  eon- 
fii^ttl  I"  yome  of  the  lower  divisiojis  of  the  central  nervous  system  — 
'fore  partieularly  to  the  me<lnlla  oblongata.  Some  authors  snp|)0st» 
tbt  the  panilyzing  action  whieli  succchxIs  the  stimulation,  is  more 
niarkwl  in  the  sensory  than  in  the  motor  sphen?  and  as  evhience  ijf  this 
It  has  been  |»ointed  out  that  in  frogs  the  reflexes  disappear   Ircfore  the 
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voluntary  movements,  but  this  is  explained  by  the  ansesthetic  action  of 
aconitine  on  the  skin  and  cannot  be  accepted  as  evidence.  The  paralysis 
advances  much  more  rapidly  in  the  respiratory  centre  than  elsewhere 
and  death  occurs  from  asphyxia,  while  the  rest  of  the  central  nervous 
system  is  shown  to  be  still  irritable  by  the  occurrence  of  convulsions. 

The  muscular  weakness  often  complained  of  after  comparatively  small 
quantities  may  be  due  to  the  depression  of  the  circulation  through  the 
inhibitory  action,  or  to  nausea. 

The  Secretion  of  saliva  is  greatly  increased  by  aconitine  from  the 
irritation  of  the  sensory  terminations  in  the  mouth  and  from  the  nausea. 
The  cold  |)erspiration  observed  in  poisoning  may  be  ascribed  to  the 
collapse  rather  than  to  any  direct  action  on  the  sweat  glands,  although 
Aubert  states  that  aconitine  is  a  powerful  diaphoretic  in  itself. 

Aconitine  causes  a  marked  fall  of  Temperature  both  in  fever  and  in 
normal  animals,  but  the  precise  way  in  whicb  this  action  is  elicited  is 
unknown.  Bnmton  and  Cash  found  that  after  aconite  the  temperature 
fell  more  rapidly  than  usual  if  the  animal  was  kept  in  a  cool  bath,  but 
rose  more  readily  if  it  was  subjected  to  external  warmth.  The  fall  in 
temperature  is  generally  ascribed  to  the  depression  of  the  circulation 
from  the  inhibitory  action,  but  this  observation  would  seem  to  indicate 
that  aconite  also  acts  upon  the  centres  regulating  the  temperature  of 
the  body. 

In  coses  of  Poisoning  in  animals  atropine  has  been  found  to  alleviate 
the  symptoms  and  not  infrequently  to  lead  to  recovery  after  doses  which 
would  otherwise  have  been  fatal.  This  improvement  is  more  espe- 
cially marked  in  the  respiration  which  may  resume  its  normal  charac- 
ter and  persist  until  heart  paralysis  sets  in.  Boehm  explained  this  by 
a  supposed  action  on  the  terminations  of  the  vagus  in  the  lung,  but  it 
is  more  probably  to  be  ascribed  to  the  stimulant  action  of  atropine  on 
the  respiratory  centre.  In  those  cases  the  cause  of  death  is  said  to  be 
cardiac  paralysis,  but  the  stage  of  irregularity  and  the  final  delirium 
cordis  is  certainly  retarded  very  considerably  by  atropine.  Atropine 
appears  to  be  the  antidote  from  which  most  is  to  be  hoped  for  in  cases 
of  aconite  poisoning. 

Aconitine  is  Excreted  mainly  by  the  urine.  Minute  quantities  have 
also  been  found  in  the  saliva  and  bile. 

Benzaconine  is  very  much  less  poisonous  than  aconitine  and,  in  fact,  can 
scarcely  be  included  among  active  poisons,  though  very  laige  quantities  act 
on  the  heart,  slowing  it  and  rendering  it  irregular,  and  also  depress  the 
respiration.  It  has  no  efffect  on  the  sensory  terminations.  Aconine  itself  is 
almost  inactive,  hut  large  quantities  strengthen  the  heart  beat  and  paralyze 
the  terminations  of  the  motor  nerves  like  curara.  It  seems  unlikely  that 
these  alkaloids  have  any  influence  on  the  action  of  the  aconite  preparations, 
although  the  possibility  cannot  be  excluded  at  present. 

The  alkaloids  obtained  from  some  other  species  of  Aconitum  have  been 
found  to  differ  considerably  from  aconitine  and  pseudaconitine  in  their  ac- 
tion. In  Aconitum  septentrionale  three  bases  lappaconUine,  septentrionaline 
and  cynoctonine  have  been  discovered.  Lappaconitine  causes  clonic  convul- 
sions, vomiting,  dyspncea  and  finally  paralysis  of  the  respiration  and  heart, 
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V  f '--  rf]e  frog  lessens  tlie  sensibility  of  the  skin.  8eptcntrionaline  does  not 
i-oning  whon  t-akon  intenmlly,  but  injected  mil)ciitjih(H>i]flly  induces 
u  iii.tHtheiiiu  and  later  paralysis  of  the  motor  terminatioiiH  like  curara. 
lootoniiK-  IB  also  inactive  when  swallowed  and  is  leas  poisonous  than  the 
PI?  when  applied  by  hypodermic  injeetiou  when  it  causes  tonic  and 
dooic  convulpidus  which  are  not  generally  followed  by  paraiysis.  Two 
hIIuIukIs,  Itjcfurortiiint  and  myoclonine,  have  been  found  in  Aounitum  lycoeto- 
mim.  atid  indut;o  almost  identi»tl  sjTnptoma.  They  inurease  the  reflex 
iniubilily.  and  this  is  followed  by  convulsioiw  and  later  by  paralysis  of  the 
InmimilioiM  of  the  motor  nerves  and  by  failure  of  the  heart. 


Preparations. 

Aflonrtmn  (IT.  8.  P.),  Aconiti  Radix  (B.  P.),  the  root  of  Aoonitiim  Na- 
pellufi,  nioQk''9-hood. 
TumTRA  AroviTi  (U.  S.  P.),  1-5  drops  every  1-3  hours. 
T"  ^'  ".  ■■    \.(^)NlTl  (B.  P.),  6-15  rains      If  frequently  repeated,  2-5  mina 
'  •/«  Aroniti  (U.  8.  P.),  0.05-0.1  c.c.  (I-^  mimi.). 

i-- ..M„.  Acouifi{B.  P.). 

Amniliria  (U.    S.  P.,  B.  P.).  an  alkaloid  obtained  from  »U'onito  rmit.      It  is 

i1j, -I  ns,>iuble  in  water  but  in  freely  soluble  in  alcohol.     Commereiul  atonitine 

II  (.-rmtuinrt    large  amountj»  of  uconine  and  l>enzaL*ontne,  iiud  therefore 

ii"i<lt'nibly  ill  activity. 

iiun  Artmifin*r  (B.  P.),  '2  jm.t  rnit. 

^I'phisagria  (i^  !^.  P.),  Staphisagris  Semina  (IJ.  P.),  the  dried  ripe  seeds 

'  iitiiiiii  KtuphiMi^ria,  ^tavesitcre. 
i  u'.uU<u'fMm  .%tj)hiMitfntf,  0.05  c.e.  (I  miu.). 
(^gvoilHm  StftffhiMiffria:  (B.  P.). 

Therapeutic  Uses.  —  Aconite  is  employed  to  a  considerable  extent  in 

5^1aiid,  the  United  States  and  France,  while  it  has  fallen  into  disuse 

'D  ^Ma  other  countries.     It^  pharmacoloj^cal  action  suggests  its  use 

'""Uowiind  weaken  the  heart  and  circulation,  to  lower  the  temperatnre 

^1*1  to  bi!uuml)   the   terminations  of  the  sensory  nerves  in  the  skin. 

^itiili^  is  often  prescribed  to  slow  the  pulse,  but  it  has  other  effects 

""  the  lunirt  and  circulation,  and  where  these  are  not  indicate*!,  aconite 

^y  well  Im?  used.     Both  drugs  slow  the  pulse  in  the  same  way,  but 

*hi|r  afxmite  slackens  the   circtilation  an<l  lowers  the  bloo<i-pres3ure, 

"^'t.-ilb  accelerates  the  blood  current  and  increases  the  arterial  tension. 

The  temperature  is  also  reduced   by  aconite,  but  the  newer  antipy- 

^^ify  h:i\'c  supplanted  it  for  this  purpose,  as  they  are  more  certain  and 

™wr«  [Mnverful   in  their  elfccts.     TIic  tincture  is  still  preseribod  fiow- 

^^^f,  and  ought  to  be  given   in  small   repeated  doses.     When  fever 

^  attended  by  a  very  quick  pulse,  aconite  is  especially  likely  to  be  of 

*^ioo,  but  it  ought  to  lie  avoided  when  the  heart  is  very  weak, 

Tlie  action  of  aoonitine  on  the  sensory  nerve  terminations  has  been 
*l««n  advantage  of  in  cases  of  neuralgia,  aud  there  is  decidtHlly  much 
^''W  reason  for  its  use  than  for  that  of  the  great  majority  of  drugs 
'"piited  to  be  beneficial  in  this  condition.  Either  the  tincture,  or  a  2 
percent,  solutiim  of  the  alkaloid  in  oil,  or  the  ointment  of  the  B.  P. 
If  ly*-*  employed  externally.  Aconitine  has  also  been  injected  sub- 
ll»Deou.sly  (tJ^— xV  ™^0  '"  neuralgia,  but  this  mode  of  application 
not  to  be  n^amiraended,  as  it  causes  very  severe  pain,  which  in  somo 
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(•iis(^8  lants  a  long  time.  The  internal  administration  of  aconite  in 
ni'urulgia  dtu's  not  seem  to  be  followed  by  any  improvement.  Staves- 
acre  is  scarcely  used  in  medicine  at  present. 
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XVn.    VERATRINE. 

St*v«^ral  sj>eeies  of  the  genus  Veratrum  have  been  found  to  contain 
nlkuhnds,  the  most  imjwrtant  of  which  resemble  each  other  in  many 
n'siHvt;!,  and  alst>  present  many  points  of  anal(^y  to  those  of  the 
prtHtnling  gnnip. 

The  .'hief  members  of  tliis  series  are  TV**a/W«<*(cevadine)  and  Prolo- 
t\'futrim\  the  ft^rmer  of  wliieh  is  found  in  Veratrum  Sabadilla  (Asagraea 
otHeinalis  or  Sehwnocsiulou  officinale),  cevadilla,  and  in  Veratrum 
viride»  Gnvn  llellelx>re,'  while  the  latter  is  the  chief  active  principle 
of  Veratrum  album^  White  Hellebore.* 

K;ich  of  thfse  atkaloiils  is  aoit>iu|Haiied  by  a  number  of  others,  most  of 
whioh  are  eutitx-ly  iuaetive,  while  several  of  them  are  only  weak  poisons 
ami  [KV'ist'ss  little  iulerest.  In  itnadilla.  in  addition  to  Veratri»er  there  are 
found  Cemdiiliite,  Sab^idine,  .Su^ucimiHe  and  another  base,  which  is  known 
as  tlu"  Vfr^trine  of  Wriyht  or  Courrft*".  lu  while  hellebore  Protoreratrine 
is  ui\'omi\iiiitHl  by  Jerrine,  IWutivjerrintr,  Kub{fernHe,  Protoreratridine  and 
oihrrs.  GrtH'n  heUebi>re  tvntaios  a  little  IVru/nii*r  along  with  Jervine,  IWu- 
ttttj'ri'iu'*  an*!  AVftijVrtVrtc.  Jervine,  Sabadiue  and  Sabtidinine  are  known  to 
jHt^ss^-ss  Si>mc  action  on  the  onpuu*m;  iwadiUineand  Wright's  veratrine  have 
uoi  K-ez:  txamintHl,  whilo  the  others  are  ^id  to  be  inactive. 

Veratrine  (CIT.XO.^  and  protove ratine  (C^jH-^jNO^)  are  both 
j>.nvert'iil  allvaloids.  the  latter  almost  rivaling:  aoiuiitine  in  its  toxicity. 
Vrnitrino  ^-an  U'  dtx-om j>»»st\l  into  anizelic  aoid  and  a  hasCy  oevine, 
whieK  s^vrn-i  ti»  Iv  neurlv  rvlatetl  to  aoonine.  Pn>toveratine  is  prob- 
aMy  a  o't!il>i«ati.>n  tif  i:sobotyrio  acid  and  a  similar  base.  Vemtriue 
'K^'ll^^  i'l  rxvo  t'>rtu<.  ■>ne  ervrstalline.  the  other  amorpbiMis ;  the  one 
jviss^'s  ^  asilv  into  the  other,  and  their  effeets  are  identical  in  animals. 

'  lU'"r".>'  !^  iI-i<>:N,^  pi[«ur:«r  oaiaeof  Helleborus  oiicer.  vhich  diflecs  entuelT  from 
WmniTu  •::  =;>  p.--jcif>I^  iiid  ■li'^'  i"  it*  action. 
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The  pfftHila  of  vcratriDG  ou  the  central  nervous  system  and  tlie  sen- 
fi*iry  l*rminations  resemble  those  of  uconitinc  very  closely.  On  the 
other  liand  the  mvisclcs  present  a  curiuuij  reaction  to  veratrine,  whicli 
u  entirely  absent  in  aconitinc  poisoning. 

SymptoniB.  — The  symptoms  in  man  and  othtT  nuimmalrt  eomnionce 
with  prickling  and  burniiif^  in  the  iiuMith  Ibllowed  by  a  .sen^a- 
jtion  of  warmth  in  the  stumaoh,  marked  salivation,  nausea,  and 
ivomitin^.  Tlic  lM)weI  is  more  involved  in  the  effects,  than  is  the  case 
in  ac4ji)iline  poisouiug,  for  violent  purgin^^  acwimpanied  by  sevei-e  colic 
iis  a  <**)min(>n  symptom.  The  prickling  sensation  hikmi  spn^idis  frtun  the 
mouth  anil  throat  to  the  skin,  and  isgencmlly  followed  by  profuse  |>er- 
|6pinitii*n.  The  puhie  becomes  slow  and  irregular,  the  respinitions 
wow  and  labored.  Fibrillary  contractions  of  the  muHcles  and  convid- 
»t»  are  generally  observetl,  and  after  some  time  collapsi*  sets  in  and 
^»  Ibllowed  by  unwinsciouancss  and  eventually  by  respinnory  failure. 
Actioa. —  SVhcu  veratrinc  is  applied  iuointmeutto  tEic  Skia  the  same 
prickling,  warm  sensation  may  bo  elicited  locally,  and  some  of  the 
|Mit<<m  is  alworbod,  as  is  kIiowu  by  these  symptoms  snmetinie.-s  oecur- 
jin^  in  other  partd  of  the  body.  The  cause  of  this  is,  as  in  the  cast!  ttf 
kite,  siimtdation  of  the  terminations  of  the  sens«>ry  nerves.  This 
»Q  causes  violent  sneeziui^  aud  coughing  when  small  quantities  of 
v«ratriuo  dime  in  contact  with  the  sensitive  mucous  membranes  of  the 
nf»««?  and  thnwit  and  the  Sabaililla  is  therefore  known  popularly  in 
0«H*niauy  as  Nieawurz  (.Sueeze-woPl).  AAer  the  irritant  action  has 
tl  for  some  time,  the  sensory  terminations  in  the  skin  become  less 
^ve,  and  a  feeling  of  numbness  and  of  coUl  is  not«l.  Pnitovera- 
rms  U>  cause  less  irritation  of  the  sensory  terminations  than 
tttfrint',  and  the  sul)s<*qnent  local  an.-psthesia  is  more  com|)lete. 
The  Terminationa  of  tbe  Motor  Nerves  are  paraly/AHl  in  the  frog  by 
large  quantities  of  veratrine,  but  this  jwiralysis  is  not  preceded  by  an 
iocrea^e  in  their  irrital>ilily,  as  was  formerly  supposed. 

Tiie  N&asea  and  Vomiting  which  are  invariably  present  in  veratrine 
iug,  may  l>e  due  in  p:irt  to  the  irritation  of  the  sensory  termina- 
»f  the  stomach,  but  must  prul)ably  be  attributed  for  the  chief 
lit  lo  central  action.  Tlie  salivation  may  be  merely  secondary  to 
tfinctic  effect,  or  the  poison  may  act  on  the  salivary  gland  di- 
ly.  Nothing  is  known  with  certainty  ivgarding  the  cause  of  the 
pBrpJittOii,  but  it  is  presumably  induL-:ed  by  sduic  ai-titm  on  the  nervoiis 
mi-rhanism  of  the  intestine.  The  profuse  Perspiration  which  follows 
tiie  injection  itf  large  quantities  of  veratrine,  and  the  cutaneous  secre- 
tion noted  in  tlie  frog,  have  liecn  altributwl  U)  stimulation  of  the  ter- 
minations of  the  nerves  regulating  the  activity  of  the  glands. 

The  ni'tst  chanietoristic  action  of  veratrine,  however,  is  that  on  the 
Stctfttad  Muscles.     If  a  small  quantity  be  injected  into  the  lymph-sac 
of  a  frog  a  curious  clumsiness  and  awkwipdness  in  the  movements 
»m<s  apparent,  and  atU-r  a  few  minutes  it  is  evident  that  tltis  is 
to  inability  to  relax  its  muscles.     When  a  muscle  is  exposiHl,  it  is 
seen  to  oontnict  ns  rapidly  as  usual,  but  instead  of  immediately  relax- 
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immediately  after  flexing  it,  as  it  does  ordinarily  iu  crawling,  and  looff 
mutiuii  becomes  very  slow  aud  ungainly. 

Thifi  cliaractoristic  action   is  mopt  easily  seen  on  comparinj?  ihf 
tracings  obtained  from  a  muscle  stimulatwl  directly  by  single  iudiietjVxi 
shocks  liefore  and  after  tbe  application  of  veratrinc  (Fig.  32).     Id  fi^ 
first  part  of  the  tracing  it  will  be  ol>serve<l  that  the  height  of  iW' 
traction  is  increased  by  veratriuo,  but  this  feature  sinks  into  the  \ 
ground  before  the  marked  prolongation  of  the  second  part  of  iJic 
InstcatI  of  the  almost  instantaneous  return  to  the  base  line  seen  in 
normal  tntcing,  the  curve  shows  generally  a  slight  undulation,  and 
a  very  Aow  fall,  the  jteriod  of  relaxation  generally  being  20-^*1011 
aa  long  as  that  in  the  uupoisoued  niuficle,  and  the  whole  cont 
lusting  5-10  seconds  in   favorable   circumstances.     If,  however, 
mnscle  be  stimulated   rejM-atedly  at  short  intervals,  so  as  to  indue* 
fatigue,  the  length  of  the  curve  decreases  until  it  cannot  \to  (!i?tiD- 
guished  from  the  ordinary  muscle  tracing;  a  similar  eflect  is  pn«d«cTO 
by  subjecting  it  to  cold,  t>r  by  heating  it  beyond  a  certain  jwint,  whi^* 
moderate  heat  increases  the  abnormalities  of  the  tracing.     If  an  ^ 
poisoned  muscle  be  stimulated  repeatedly,  so  as  to  induce  faligiMS*'"' 
veratrinft  be  then  injected,  it  in  fonnd  that  a  marked  improveim^Dl  i* 
the  w)ntraotion  occurs,  so  that  while  fatigue  lessens  the  prolorgatitf" 
of  the  veratrinc  curve,  veratrine  removes  to  some  extent  the  eifetl  of 
fatigue.      In  the  prolonged  contniction  more  energy  is  used  a|»  thw 
usual,  and  the  amount  of  heat  forn)c<l  during  muscular  contraetiou  '^ 
therefore  increaswi  by  veratrine.     Besides  the  alterations  seen  in  ti« 
tracing]  veratrinc  increases  the  irritability  and  al>solute  strength,  i4 
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that  thu  fau.scle  reacts  to  weaker  stiaiuli  and  contracts  agaiust  a  greater 
weight  than  usual. 

Xbe  mu-sciilar  phpnompim  are  l>est  observed  in  tlic  frog,  but  can  also 

be  flicUetl  in  warni-blotHlod  animals,  although  In  the  latter  ihey  do  not 

iy  such  ail  important  rAle  in  the  sympU:»rnH  of  poisoning.     In  the 

l&O^y  the  muscle  is  finally  |>aralyKed,  but  this  does  not  octrur  in  mam- 

jnals,  as   here  the  respiratory  centre  fails  long  before  the  quantity  of 

veratrine  necessary  to  indue**  this  effect  has  been  absorbcil. 

The  firat  exphination  that  suggests  itself  for  the  curious  muscular 

phenoaieaa,  that  they  arc  due  to  some  change  in  the  nervous  system, 

IS    negatived  by  the  fact  that  excised  muscles  show  exactly  the  same 

reaction.      Bea^ld  explained    the    prolongation    by   supposing  that   a 

change  was  produced  in  the  muscle  substance,  by  virtue  of  which  a 

siiij^le  stimulus  was  enabled  to  set  up  a  tetanic  contraction  ;  but  this  is 

i»hi>wn  to  be  incorrect,  for  if  the  nerve  of  another  nerve-muscle  prepa- 

futioD  be  laid  on  the  veratrinized  muscle,  no  secondary  tetanus  is  set  up 

in  it,  as  would  U?  the  case  if  the  first  muscle  were  undergoing  tetanic 

a>ntractiou.     The  generally  accepted  view  is  that  veratrine  increases 

tW  catabolic  changes  in  muscle,  and  thereby  induces  a  prolongation  of 

Uie  period  of  active  contraction,  as  well  as  an  increase  in  the  height  of 

oantraction  and  in  the  alwolnte  strength.     Fatigue,  by  reducing  the 

ativoant  of  sulxstance  ca|)al>le  of  underg4}ing  catabolic  change,  and  c^old^ 

b^  increasing  its  stability,  counteract  the  cffeots  of  veratrine. 

lathe  tracing  of  veratrinized  muscle  a  curious  undulation  is  frequently 
■«n  at  the  top  of  the  contnwtion,  or  the  ascent  may  at  fir^t  bo  rapid,  then 
riflwer,  and  then  again  more  rapid.  This  has  been  ascribed  to  veratrine 
Wing  ditferently  on  the  two  forais  of  muscle  fibre,  the  Rray  and  the  rod,  hut 
to  explanation  has  rer^ently  been  shown  to  be  erroneous  (Carvallo  and 
VoMfl).    BfJlaz/.i  supposes  that  the  initial   contraction  is  due  to  the  aniso- 

aXitu  substance,  while  the  secondary  slower  and  prolonged  rontraetion  is 
need  by  increased  activity  of  the  sarcoplasui.  The  electrical  organ  of 
tWLoqtedo  is  ap[>areDtly  affected  by  veratrine  in  the  same  way  as  striated 
ttnncle. 

Viller  has  recently  shown  that  veratrine  abolishes  the  irritability 
w the  peripheral  nerves  when  a  solution  is  applied  to  them  directly. 

Jtotoveratrine  differs  entirely  from  venUrine  in  its  effects  on  the 
nusclctt  and  the  terminations  of  the  motor  nerves.  The  latter  are  uot 
iWiijKKl  even  by  the  largest  quantities,  while  the  contraction  of  the 
ttuscle  is  rather  shortened  than  prolonged.  The  contraction  is  liighcr 
^  the  absolute  strength  is  increased,  but  fatigue  is  imluwil  more 
'**lil?  than  in  the  nnixtisoned  muscle,  so  that  jirotovcratrinc  appears 
^  increase  the  muscular  fonxi  tem[>onirily,  but  leads  to  its  early  ex- 
Wion. 

(Smilation. — Tlie  ventricular  muscle  of  the  frog's  heart  is  affected 

or  veratrine  iu   very  much   the   same  way  lus   Iht?  ordiniiry  striated 

BHwcle,  while  the  auricular  muscle,  consisting  chiefly  nf  unstriated 

iih*w,  is  much  less  altered.     The  ventricular  systole  is  at  first  stronger 

ind  more  prolonged  ;  somewhat  later  one  part  of  the  ventricle  is  fle«n 
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to  remain  cuiitrartod  (luring  the  alternate  diastoles  of  the  rest,  umI 
waves  of  contraolion  spread  over  the  heart  resemliling  the  peristaltic 
movements  of  the  intestine  ratlier  than   the  ortlinary  eimtraction^of 
the  heart.     The  whole  ventriele  is  smaller  than  usual,  and  Init  little 
blood  is  exiielled  into  the  aorta.     Still  later  the  pprsietent  coninirtiini 
spreadn  over  the  whole  ventricle,  su  that  it  dilutes  only  half  as  iifteu 
aa  it  did  at  first,  while  the  auricles  maintain  their  original  rhythm. 
This  is  eviilently  <hie  to  action  on   (he   ninseJe ;  tiie  enntractitm  is  &o 
prolonged  as  to  limit  the  number  of  diastoles,  and  the  ventrirk*  (tin 
tiiei-efore   react  only   to  every  alternate  contraction   of  the   auricle- 
AfU-r  this  "  half-rhythm  "  has  persisted  for  some  time,  the  contraction* 
be(!ome  slower  and  weaker,  and  the  heart  finally  efimes  to  a  j^tandslilf. 
The  behavior  of  a  frog's  heart  under  veratrine  resembles  closely  that 
characteristic  of  the  digitalis  series. 

In  mammals,  the  chief  circulatory  symptoms  arise  from  stimnlatioo 
of  the  medullary  centres  n'sembling  tliat  seen  in  the  earlier  stages  of 
[K^onite  jKjisoning.     The  stimulation  of  the  cardiac  inhibitory  eentrt 
produces  slowing  of  the  heart  and  a  decrease  in  its  output,  while  attlie 
same  time  the  pt'riphcral  vessels  are  (contracted  by  the  iiicrewsed  activity 
of  the  vaso-motc^r  centre.     After  larger  quantities  the  terminations  of 
the  vagus  are  paralyzed,  and  the  vaso-niotor  centre  is  at  the  same  time 
depressed,  so  that  the  pulse  becomes  quicker,  but  the  bln4>d -pressure  is 
somewhat  lowered.     In  the  mammalian  heart  no  such  prolongation  in 
the  systole  is  seen  as  in  the  frog's,  but  tliat  a  slight  stimulant  action 
is  exercised  by  veratrine  is  shown  by  the  fact  that  very  large  doses 
quicken   the  rhythm  even  after  atropine.     Veratrine,  therefore,  seems 
to  resemble  aconitine  In  its  e£lect^  on  the  mammalian  circulation,  but 
much  larger  quantities  are  required  to  produce  the  same  eflTecttf,  and 
the  more  evident  symptoms  of  stimulation  of  the  myocardium  are  Doti 
elicited. 

The  Respiratory  Changes  under  veratrine  also  resemble  those  under 
aconitine,  and  in  lK)ih  the  cause  of  death  is  the  same — |)aralysis  of  the 
respimtion. 

The  Central  Nervous  System  seems  to  undergo  stimulation  under 
veratrine  as  under  a<'onitine.  This  is  evidenced  by  the  convulsions 
set-n  in  manmials  a (s  well  as  by  the  stimulation  of  the  medullary  centri's 
already  noted.  .Vfter  large  quantities  of  the  jioison  this  stimulation 
gives  place  to  paralysis,  terminating  in  failure  of  the  respiration.  The 
highest  centres  seem  less  affected  than  the  spinal  cord  and  meiluUa 
obh>ngatii,  for  complete  consciousness  has  remaine*!  until  imme<liately 
bcfon?  death  in  sevend  fatal  cases. 

The  Temperature  is  sometime.^  found  lower  than  the  normal  after 
veratrine,  probably  owing  to  the  slowing  of  the  circulation.  In  other 
cases,  when  the  convulsive  movements  are  very  marketl  and  the  heat 
production  is  tlicrefore  much  incn^ised,  the  tem[)erature  has  been 
found  somewhat  higher  than  usual.  In  cases  of  poisoning  in  mammals 
atropine  is  said  by  Lissauer  to  have  some  value,  probably  tiwing  to  its 
action  on  the  respiratory  centre  and  on  thevagus  terminations  in  the  heart 
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tU  the  other  alkaloids  uf  this  »erieH,  jorvine,  sabadilluie  ami  Rabn- 
to  popisesa  the  siimo  artion  as  voratrine.  hut  are  miirh  lotw  puison- 
otu.  l*Piil«>v«Talriii(*,  which  a«  hiw  been  eaiil,  diHers  from  vemtrine  chiefly 
loool  t<n>langing  the  mu^^'ulur  eoutroctiou  aud  in  the  eflect^  ou  the  nensury 
UermmHiion.^.  b*  inuch  more  ]h>1sodou.s.  Its  acliun  resembles  that  ol'ueonitinc 
st&iuch  im  that  or  veratrine,  and  it  may  tberelbre  !><>  regarded  as  a  liuk  cod- 
iKting  the  two  groups. 

Preparations, 

ftntrina  (V.  S.  P.,  B.  P.).  a  mixture  of  alkaloids  obtAiQe<l  from  the  seeds 
iifAnt;nni  ullicinaliit  (U.  S.  P.);  u  mixture  of  alkaloids  prepareil  from  ceva- 
dilb  Mir  (Iricil,  ripe  seeds  of  Sehu'nocaulon  otheinale  (B.  P.),  forms  a  white 
iw  .  I'hous  or  perui-iTystulline  powder  without  odor,  hut  enuring  in- 

trii '  ri  of  the  nostrils,  with  uu  aerid  tiiste  and  leaving  a  sensatiuu  of 

Inslioft  and  numbness  uD  the  tongue.  It  is  insoluble  in  water  but  soluble 
Dtl(-ol)ul.     It  contains  voratrine  aud  the  other  ulkuluidB  of  the  plant. 

InjKntvm  I'cratriTJir  (U.  S.  P.,  B.  P,)* 

Oifatum  IWtitritvr  (C.  8.  l\). 

Ventnua  (CT.  t^.  P.),  American  or  Green  HeJlebore,  the  rhizome  and  rootB 
(if  VVrainuu  viride. 

fiiuirjtmcium   IWfUri,  0.2-0.5  c.c,  (3-6  mins.). 

TtftrlHrit    Vrni/ri,  O.i-O.n  I'.f.  (»-6  ruins.). 

TbcnpenUc  Uses.  —  The  tberapciilic  uses  of  die  members  of  this 
■efiis!  ore  extremely  limited.  Veratrine  is  used  in  the  form  of  the 
or  ointment  ns  an  external  application  in  ea^es  of  neural^ia^  and 
'tfliuly  u  safer  remetly  than  aconite.  Neither  its  pharmacological 
artioD  nor  therapeutic  ex[)erienoe  supplies  any  indications  for  its  inter- 
nal usp.  Veratnira  vJride  is  useil  internally  in  the  same  class  of  cases 
aconite,  but  as  its  activity  is  due  to  vcratriuc  it  might  well  be  dis- 
from  the  pharmao<ipa}ia.     Ycratrum  album  in  also  a  superfluous 
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_  XVin.     EMETDiE  (IPECACUANHA^. 

Ippnciianhu  (<!Vpba?H6  I|)ccacuanlia)  has  loug  been  used  for  it« emetic 
ixl  ixpei-tonint  virtues,  atid  was  mitil  recently  believe*!  t*^  e<mtain 
ilv  one  alluiloid,  Emrtin*.  Paul  aud  Cownley  have  shown,  how- 
f  tbir;  -n-eallcyi  principle  is  really  made  up  of  thn-e  di>itiuct 
.  Cfrpkalnw  {VJl^^SOX  Kmcihu-  lC,,H,,(CH,)\(K),  and 
r«*,  tlw!  first  two  of  wliicli  are  quinoline  derivatives  and   pro- 
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dupe  almost  iJuntiral  effect«,  while  psvchotrine  is  nearly  inei 
seems  prolwibic  that  one  or  both  of  tJiem  are  (urmed  by  a  numl 
other  plants,  home  of  which  have  Ix^'-n  u-stxl  jw  emeti<'«  in  former 
anil  among  which  may  W.  meutiuneil  sevcml  ^JK.•cies  nf  violet, 
chief  action  is  exerted  on  the  alimentary  canal,  although  ihey 
IotmI  irritants. 

Symptoms  and  Action.  —  WTien  administeped  internally  enietii 
a  bitter,  acrid  taste,  and  produces  a  copious,  salivary  secn'iioii, 
lowed  later  by  nausea  and  vomiting  with  the  usual  atteudniit  srnii>* 
toins.  The  drug  is  generally  largely  eliminated  by  vomiting,  so  ibi 
no  further  effects  are  observed.  When  injected  hyjMjdcnuifallT, 
however,  it  induces  nausea,  vomiting  and  purging,  and  bloo«i  is  (re- 
quently  voidwl  in  the  fltf»ols,  a  condition  of  collapse  follows,  and 
animal  generally  dies  of  exhaustion  in  the  course  of  a  few  hours 
the  onset  of  the  symptoms.  Very  large  quantities  injected  guhcut*-! 
neously  or  intraveiir)n.sly  may  foil  to  elicit  vomiting,  but  the  col 
syraptoras  appear,  and  after  some  weak  convulsive  movetneni 
atiimiil  dies  of  cardiac  failure.  In  those  (SLses  in  which  death  fi>l 
mpidly  on  the  injection,  no  pathological  lesions  may  be  foimd 
death,  but  in  experiments  where  smaller  quantities  arc  injec 
the  animal  survives  for  lH-24  hours,  the  stomach  and  intestine  of 
hibit  the  appearances  of  an  acute  gastro-enteritis.  The  mucous 
bmne  is  swollen,  congested  aiul  often  covere<l  with  a  rauco-pumlc 
secretiou  or  studded  with  ecchyrnoscs,  and  in  dogs  ulceration  ia  oft'o 
present.  A  lesion  which  is  not  by  any  means  constant,  but  wbicli 
occurs  in  a  considerable  number  of  animals  and  especially  In 
is  owlema  of  tiie  lungs. 

Krnetine  possesses  a  powerful  Irritant  Local  Action,  which  is, 
ever,  much  more  marked  in  certain  individuals  than  in  others.  T^ 
smallest  quantity  of  the  powdered  root  of  ipecacuanha  is  euffide* 
to  induce  in  the  .subjects  of  tliis  idiosyncra-sy  considerable  swelltti 
and  injection  of  the  conjunctival  and  nasal  mucous  membmues,  iiri< 
salivation,  tears,  sneezing,  conghinj^  and  bronchial  catarrh.  \Vb« 
applied  to  the  skin  as  a  liuimcut,  it  produces  redness,  itching  aod  C^ 
eii.sii>nal]y  a  pustular  eruption,  Imt  T^iwin  sbites  that  the  alkahiids  *J 
dcvftid  of  jn'tinn  4)n  tlie  subcutane«iu.s  tissues.  Its  action  oi 
idimi'ntary  canal  also  indicates  its  irritant  ]iro|)ertie8.  It  hiis 
much  discussed  whether  the  emcsia  is  wholly  due  to  this  irritant 
on  the  gastric  mucous  membrane,  or  whether  emetine,  like  ap 
phine,  has  a  specific  action  on  the  centres  in  the  medulla  oblongata  eo* 
trolling  vomiting.  In  view  of  the  fact  that  emetine,  like  many  otii* 
itTititnts  when  injected  subcutaneoiisly,  ban  a  f*peeifie  action  on  the  al< 
meiitary  catial  it  seems  unnecessary  to  have  recf)urse  to  any  action  o\ 
the  cell  I  nil  nervous  system,  atid  almost  all  the  facts  brought  foi 
as  evidence  of  this  supposed  c^ntnd  action  have  Ikhju  disproved. 

It  is  sometimoH  stateil  tliat  section  of  tho  vap^iia  norvos  dora  not 
ipecacuunba  fVom  causing  vomiting,  wht^reoH  if  it  only  irritAted  the; 
the  division  of  these  nerves  (which  are  probably  tho  chief  sentkirj'  n< 
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lb)  OQj^ht  to  prevont  it  by  hindering  the  impulses  reaching  thv 
uTTa  and  «ieciin>(  up  reflex  procensea  there.  But  this  HUttoment  haA  been 
ntTii/1trt<Ml,  anri  no  gre^t  weigltt  cjin  be  hiid  on  the  ai^unient  in  any  case, 
1  lion  ofthevtigiiB alone  causes  violent  and  j>on<iBleat  vumitiugvery 
:  uiuatf  states  (hut  ihe  application  of  emetine  »ululiuus  to  the 
ulla  provoke:^  vomiting,  hut  this  method  in  80  open  to  objeetion  that  hia 
Qw  that  the  alkaloid  acts  on  the  vomiting  e-entre,  can  lianlly  be  te- 
as junitifinble.  On  the  other  hand,  it  may  be  urged  that  if  emetine 
on  the  medullury  centre,  vomiting  ought  to  follow  aller  smaller  doaes 
more  quickly  when  it  \s  injected  nulKUtaneously,  being  tbu8  more  rapidly 
ibnrbed,  than  wlien  it  is  taken  up  from  the  stomaeti.  Hut  thii^  is  not  the 
for  ipeeaeuanha  causes  emesia  as  soon  and  in  ilh  »mall  quantities  when 
rwiwlimuidt^red  by  the  stomach,  whereas  apomorphine  which  act.s  on  the 
wfltre  Jirw'tly,  acta  much  mure  rapidly  and  efficiently  when  it  is  injected 
nbnitancotisly.  While  the  question  cannot  be  said  to  be  definitely  settled, 
AimoAt  all  the  factA  point  to  peripheral  gastric,  and  not  to  central  action. 

EmHiiic  injected  into  a  vein  weakens  the  heart's  action,  and  induces  a  fall 
of  ItlofHl-jire^-^ure,  but  when  it  is  iiijcctc<l  subcutaueomdy  or  given  by  the 
mouth  the  lu'art  is  much  leas  alTected. 

in  the  frog,  emetine  does  not  c^uso  vomiting,  but  a  slowly  advancing  central 
pimlj-M!*  fiillow*(  its  Injection,  the  rtpont^neous  moveutenls  ceu.sing  early, 
■nd  later  the  reflex  exoilabiliiy  disappearing.  The  contractions  of  the  heart 
Mi^  reodered  weak  and  irregular,  and  eventually  cease  from  paralysis  of  the 
anftac  muscle. 

Tilt  itlriateil  muscle  of  the  fh>g  has  been  said  to  be  weakened  and 
ptmlyzcd  by  emetine,  but  this  has  been  disputed,  and  the  muscular  action 
It  in  any  case  slight  and  unimjHjrtant  in  frogs  poisoned  with  the  alkaloid. 

Tbc nausea  and  vomiting  are  accompanied  hy  the  usual  syraptom.s  — 
iDtiscular  weaknHHS  and  depression,  in(!rease<l  secretion  of  saliva  and  of 
ffluais  by  the  glauds  of  the  throat  aud  re.spiratory  passages,  often  per- 
spiration and  generally  temporary  acceleration  of  the  pulse.  (See 
«]x)morphiae,  p.  23-i.)  Mo.st  of  the  r(!searclu»s  on  which  the  above 
eiaiement^  are  Itased  have  been  perfornied  with  a  mixture  of  the  alka- 
Wds,  but  the  tw^p  chief  of  the-^e  resemble  each  other  very  closely  in 
(Iwt  etiects,  eephieJiue  beiiig  .-oinewlial  mure  [H>werful  than  pure 
ttictinc. 

Etnetine  and  cephalLne  have  not  been  used  in  practical  therapeutics, 
]*iioCB  preparationB  of  the  crude  drug  being  prescribed  instead.  Their 
A]lAtioD  is  so  difficnit  that  it  seems  unlikely  that  the  ptire  alkaloids 
•ill  be  made  use  of  in  the  near  future,  and  from  a  ctmiparisori  of  their 
''(frets  with  that  of  ipecacuanha  it  8<.^rcely  seems  desirable  that  they 
*lKHil(i  be  intrf>duced.  For  ipecacuanha  is  much  less  liable  to  proihice 
jxtfpng  than  emetine,  probably  because  the  solution  of  the  alkaloids 
*  Rtan1e«l  by  the  ]>resenc^e  of  large  quantities  lA'  tuimiii  Ixxtics  and 
*'lhtT  impurities,  while  at  the  same  time  the  emetic  action  is  but  little 
*''wer  tluin  that  i»f  emetine. 

Preparations. 

n,  K  P. — Ipecacuanha,  the  root  of  Ceph^liB  Ipecacuimha.     The  powdered 
fwl  H  prencribed  in  (lyi»entery  in  quantiUes  of  2-4  O.  (30-tiO  gn*.);    emetic, 
■(i.  (3l>gn».);  ejtpeetofant,  0.0G-U.3ti.  (1-5  gra.). 
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FftntijTtrttvfum  lpfracvnnh*r,  expecttiRUit,   0.2-0.5  t-.t*.   (8-8  taiiiA.);  cmptic, 
2r.e.  (30  ruiiiH.). 

Svnri'iis  IPErAciTANH*,   1   expectorant,    l).l-l   c.c.    (2-15   inin&i;   emetic, 

VtNM'M  Ipecacitanh.«,       I       2-^  c.r.  (i-1  H.  dr.);  lor  a  rliild. 

TiN'CTiTRA  Ipkcacuanh-f.  kt  Opii  eoiitainf*  10  |H»r  feut.  opium,  i.  e.,  Uof 
the  same  strength  us  laurhinum,  0  3-1  c.c.  (5-15  inins.}. 

PuLvtB  IrECAcuAKHwE  ET  Opii  (10  pcf  ccul.  opium),  Dover's  Powder, 
O.S-1  O.  (5-15  ffTS.). 

U,  P. — Ipecacuanhe  Radix,  xhe-  dried  root  or  pAychotria  Ipecacuanha, 
exjiectonint.  1-2  gry.;  emetic,  15-30  ^rs. 

KxlractuM  IpeeacuanhK  Liquiduttif  expeclorantt  (-2  mins.;  emetio,   15-20 
in  ins. 

Acetum  Ipecacuanhif.  10-30  mins. 

ViNUM  Ipecacm  ANH.E,  expoctoiiuit,  10-30  minB.;  emetic,  4-6  fl.  dr». 

Trochinciis  Ipccacuttnfue,  contains  A  gr.  of  the  powdered  root. 

TROCiriscua  Morphine  et  IPECACUAJfH^,  each  ooatainB  ^  gr.  of  mor- 
phine hydrochloride. 

PiiLvw  Ipbcacuanh.k  CoMPosrrus,  Dover's  Powder,  10  per  cent,  opium, 
5-15  gr«. 

Pilula  Ipecacuanha  cum  5fci7/o,  4-8  gr».     This  pill  is  formed  from  Dover's 
Powder,  aud  contjiius  about  5  per  ceot.  of  opium. 


Therapeutic  Uses. — Ipecacuanha  has  l>een  largely  employed  as  an 
eraetie,  und  a!tli(ni|rli  it  h:i3  In-en  rephice<l  for  some  purposes,  notably 
in  cases  of  puisoniuj^,  by  aporaorphine,  it  still  has  a  certain  field  of  use- 
Ailiieas  in  ca.nes  in  which  an  emetic  is  indicatwl  but  in  which  the  hy|>o- 
dermic  metho<1  is  objectiunablc,  as  in  children.  At  pre^nt,  ipecacuanha 
18  nsed  chiefly  as  an  expectorant  in  the  treatment  of  inHanimalory 
conditions  of  the  rcspinitory  |>aHrtages.  For  thi»  purpose  it  is  prescrilMxi 
in  very  much  less  qimnttlies  than  those  necessary  to  produce  emesis. 
It  acta  indirectly  ihroitt^ti  iin  nrtuseatinfj;  properties,  and  has  the  ad- 
vant:ige  that  its  action  is  much  more  prolonged  than  that  of  a[K>mor- 
jdiine,  and  at  the  same  time  is  not  so  depressant  as  that  of  sevend 
metallic  substanc-<'s,  such  as  tartar  emetic,  which  are  used  for  the 
same  purpose.  It  increases  the  secretion  of  the  bronchial  mucous  mem- 
brane, and  further  tends  to  render  it  more  fluid,  so  that  the  mucus  can  be 
coughed  up  more  easily.  The  increased  sccretit>u  may  also  be  of 
service  by  protecting  the  inflami»d  and  irritable  membrane  fi*om  the  cold 
air  and  thereby  lessening  the  ccMigh,  and  in  order  to  strengthen  this  ac- 
tion ipecacuanha  may  be  prescribed  in  oombiuation  with  opium,  either 
as  a  lozenge  or  in  the  famous  Dover's  |iowder.  When  the  secretion  of 
the  bronchi  is  already  excessive,  and  the  cough  is  rather  to  be  encour- 
aged than  repressed,  these  preparations  ai-e  of  course  contraindicated. 

Ipecacuanha  is  also  employed  as  a  dia]»horetic,  either  alone  or  more 
commonly  as  Dover's  powder.  The  perspiration  is  not  so  copious  as 
that  following  pilocarpine  and  other  diaplioretics,  but  resend»les  rather 
that  produced  by  warmth  a|>plie<l  to  the  skin.  Dover's  powder  is 
therefore  a  common  remedy  iu  chills  and  in  commencing  t^tarrh  of  the 
respiratory  passages. 

IlHTsicnanlia  is  used  very  largely  in  dysentery,  particularly  in  tropi- 
cal <lyricntcry,  in  wJiich  it  scrnis  tu  act  almost  as  a  si>ociiic. '   Its  effeot 
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attributed  ffy  some  authorities  to  the  lai^  amount  of  tannin  con- 
ked in  the  root,  and  n  preparation  of  ipecacuanha  from  which  the 
Icutoids  have  l>een  remove<]  (If/fi*arumifia  DrcjitefhiMtla)  is  said  to  be 
valuable  in  these  cases  as  the  unaltered  drug.     Others  are  inclined 
ascrilje  some  of  the  virtues  of  ipecacuanlia  to  the  alkaloids,  aud  deny 
mt  the  same  result**  are  ohtiiined  by  tlie  use  of  this  preparation.     The 
urifiwi  j^Miwdcr  has  the  advantage  of  not  causing  any  nausea  or  vomit- 
arnl  is  certainly  to  Ix^  preferred  to  the  crude  root  if  the  claims  of 
fidvoeates  prove  to  I»e  well  founded.     Very  large  quantities  of  tlie 
JVdered  root  are  generally  required  in  dysentery.      Many  prescribe 
ODgh  to  cause  vomiting  at  first^  and  then  follow  this  up  with  smaller 
qiuutities  which  are  used  along  with  morphine  or  ice,  or  with  sina- 
pisnis  to  lessen  the  nausea  and  vomiting.     Others  give  a  few  drops 
laudanum  at  once,  and  when   the  medullary   irritability  is  thus 
wluced,  and  there  is  less  danger  of  vomiting,  prescribe  ^iO-GO  grs. 
(2-4  G.)  of   the  iwwdered  root,  and    continue    tlie    treatment  with 
allcr  doses. 

l|»(*caeuanha   has   been   recommended   in   very  small  quantities  as 

sUimachic,  even    in   cases  of  vomiting,   and   its  action  on   the  mn- 

oon?  membrane  might  be  exiwctcd  to  l>e  of  value  in  some  cjises  ;  but 

iivofv  often  fails  to  have  auy  effect,  and  is  not  widely  used  for  this 

ttrpose. 
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XIX.     COLCHICINE. 

^^eliirjne  and  eolchiceifif  are  two  nearly  relate<l  bodies  found  in  the 

Rk  and  corm  of  Colchicum  autumnalc,  which  owes  its  activitv  to 
rpresenoe.  They  an;  generally  inclinU'd  among  the  alkaloids,  but 
it  fnjm  the  other  meml>ers  of  this  eliiss  in  possessing  an  acid  ivae- 
*""i.  Their  chemical  structure  is  still  imperfectly  known,  but  they 
w not  s«?m  to  contain  a  pyridine  ring;  colcliicinc  [C,.I-I,,(OCH  J^- 
(.YHaX'II  )CO<  )CU  J  is  the  methvl  ether  of  colchicc^ine  [0,,!!^- 
CN::iIj^(N"HC(K:H,)r<:)()!I].  These  two  principles  are  ap])arentry 
lenti<ml  in  their  eflects,  which  are  observed  chiefly  in  the  alimentary 
nal. 

SfSLptODiB.  — No  symptoms  whatever  follow  the  use  of  colchicum  in 
Jinapy  thera|>eutic  quantities.  After  the  administration  of  a  poiy^oi- 
doae  to  man  or  animals  several  hours  elapse  before  nuy  synq»tonis 
>  elicited,  and  the  amount  injectetl  has  hut  little  intlnence  ou  the 
lion  of  this  preliminary  stage.  Whether  given  by  mouth  or  fiypo- 
icstlly,  colchicine  pro<luces  symptoms  of  discomfort  in  the  stomach 
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tA  slightly  incroaaed.  The  coiiBtituoiiU  of  the  urine  are  not  man-riiilly 
nltun-*!  Iiy  onliimry  thi'*pa|nMitio  (hises  of  coli-hii-inn,  ami,  in  pnrticular, 
llic  aric  arid  slu>\vs  no  C(»nrftaiit  clmngc  iu  umouul.  luanimaU  bloody 
urine  is  iuitm'tirne.<4  }>m>si:'d  ailor  colohicinc. 

All  of  ihoftc  syniptomH  art^  oxartly  tliosf?  r^iusod  by  a  Inrgo  ntimbor 
of  jKHsoHH,  mcludiug  some  of  the  iKicti'rial  toxines  and  tho  licuvy 
rai'iak  Many  IiM'al  irritants  when  injfot^'d  into  the  blmxl  or  when 
alMirtht'd  t'rtmi  the  Mibcutanoons  ttHsue  or  the  alimentury  canal,  exercise 
on  imniedintc,  lo<:a.l  aetioii,  which  betrays  itself  in  jvaiu,  or  fcchymnHin 
and  swt'lling  at  the  point  of  injection,  bnt  these  symptoms  pass  otf  in 
a  «t)rirt  time  and  the  animal  hcronie^  apparently  normnl  for  many 
hoqpsor  even  diiys.  At  the  end  of  this  time,  however,  symptoms  be- 
irio  III  develop  at  two  pointa  —  in  the  alimentary  c^nal  and  in  the 
kiducys.  The  reason  probably  is  that  the  poisons  are  excreted  at 
thw  [toinU  and  are  either  freecl  from  some  harmless  eombinalion  iu 
wKici)  Uiey  have  circulated  in  the  tissues,  or  jwrhaps  collect  in  larger 
•imotilies  in  the  excretory  org^ans.  At  any  rate,  IrritAlion  ami  later 
anUr  inHammation  are  set  up  at  tliese  p<»ints.  At  first  the  irritation 
tficites  only  diarrluea  and  diuresis,  bnt  as  it  goes  on  gastro-cnteritls 
•ml  nniiria  or  hiematuria  may  be  prmluoed.  The  symptoms  from  the 
intAtine  and  kiilney  may  not  Ije  e<pmlly  well  niarke<i  ;  at  one  time 
ll»e  iitie  bcH^omes  inflamed  while  the  other  is  only  subjec(<^i!  to  mild 
lalation,  while  at  other  times  both  are  the  scat  of  acute  inflamma- 
The  iuflammation  of  the  bowel  produces  a  couilition  of  collapse, 
also  iu  various  intestinal  diseases,  such  as  cholera. 
the  poisons  (and  also  cholera)  produce  no  very  marked 
>nu  of  gaatro-intcstinal  disorder,  but  rather  those  of  collapse, 
ttitre  is  uo  reason  to  believe  that  the  collapse  is  due  to  any  direct 
m  on  the  central  ner\'ous  system. 

In  the  froff.  colehiciae  has  littlo  or  no  efTect,  but  if  the  solution  be  exposed 
ferHmp  timr  to  ihr  nir,  it  causes  a  prolonf^t ion  of  the  muscular  ooiitnu'tion 
MbalUrto  ihat  seen  nft<>r  vt^ratHne.  and  eventiuillya  t^'tuniit^  n^sfmblinjc  that 
'lam  111  «tr>i-lininp.  Jiwobj  ihprcfore  helifVCK  that  in  mumnials  the  L'tTcLtsi 
■TV  Dtit  prixlii4H.ll  by  rotebioiue  itself,  but  by  a  sulitstance  formtMl  by  it«*  oxida- 
li<m  in  ihi-  ti<!nie«.  oxydicob^bioine.  T\w  frojf'i*  tintsuet^  are  unabb'  to  oxidize 
'Wi-hlcia**,  IhjI  if  oxydicoU'bicine  be  forme* I  by  tlmex|rtwure  of  colcbiriiiit 
•«  the  air,  it  produces  thiw  riymptomp.  Oxydieolcbieine  caudce  tbo  sumo 
"paptuoui  In  nuinixuaU  as  cuiobiciiK*. 
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The  VinuiH  Colchici  Radiciit  is  the  preparation  usually  prescribed. 

Co/rhicha  (U.  S.  P.)  (C^lT^NO.t,  an  alkaloid  obtained  from  colchicum,  pale 
yellow  in  cf)lor,  with  a  bitter  Uiste  and  characteristic  odor;  soluble  in  22  parts 
of  water  and  in  alcohol.     Doae,  0.5  mg.  (yjo  gr.). 

Therapeutic  Uses.  —  Colchicum  has  long  been  used  in  gout  on  purely 
empirical  grounds.  In  fact,  the  pathology  of  gout  is  so  obscure  that 
no  rational  treatment  for  it  can  be  looked  for  at  the  present  day,  and 
the  efficacy  of  colchicum  in  this  disease  can,  therefore,  be  argued  solely 
from  clinical  ex|x?rience,  which  here  gives  only  uncertain  indications. 
Up  to  a  few  years  ago  the  routine  treatment  was  wine  of  colchicum, 
but  of  late  many  physicians  have  denied  that  any  benefit  whatso- 
ever was  obtained  from  its  use.  Others  maintain  that  colchicum  is 
at  any  rate  the  most  efficacious  drug  available  in  many  cases,  and  here 
the  matter  stands,  but  the  use  of  colchicum  in  gout  is  not  universal 
now,  as  it  was  formerly.  Some  attempt  has  been  made  to  place  the 
practice  on  a  rational  basis  by  showing  that  it  increased  the  excretion 
of  uric  acid.  But  a  number  of  other  intestinal  irritants  have  the  same 
effect,  and  it  now  seems  to  be  proved  that  gout  is  not  due  to  a  deficient 
excretion  of  uric  acid,  so  that  its  increased  elimination  would  not  ex- 
plain the  alleged  beneficial  effects  of  colchicum.  Besides  this  increase 
in  the  uric  acid  excretion  is  by  no  means  a  constant  result  of  colchicum 
medication,  for  it  not  infrequently  has  the  opposite  effect.  And  in 
gout  the  uric  acid  excretion  does  not  seem  to  be  modified  at  all  by  col- 
chicum. 

Colchicum  has  also  been  used  in  chronic  rheumatism  but  here  it  is 
of  little  or  no  benefit. 

Bibliography. 

Jacohj.     Arch.  f.  eip.  Path.  u.  Phami.,  xxvii.,  p.  119. 

y.  Paton.  Brit.  Med.  Joum.,  1886,  i.,  p.  377,  and  Joum.  of  Anat.  u.  Phys.,  xx., 
p.  2«7. 

Fauxelt.     Guy's  Hospital  Reports,  lii.,  p.  115. 

XX.  SAPONIN,  SAFOTOXIN  AND  SOLANINE. 

Under  this  group  are  arranged  a  number  of  glucosides  which  have 
many  features  in  common  both  in  their  chemical  properties  and  in  their 
pharmacological  action.  Many  of  them  have  not  yet  been  completely 
isolated,  and  it  seems  not  unlikely  that  several  which  are  now  believed 
t()  l)e  distinct,  will  prove  to  be  identical.  Robert  has  found  that  many 
of  them  may  be  arranged  in  a  chemical  series  Cj^H2^_gOio.  Some  have 
an  acid  reaction  and  form  salts  with  the  alkalies,  while  all  possess  the 
characteristic  glucosidal  reaction,  being  decomposed  by  acids  and  fer- 
m(?nts  into  sugars  and  unknown  inactive  substances.  The  most  poi- 
sonous among  thoni  are  designated  by  the  general  term  of  SapotoxhtH, 
wliile  Saponin  may  be  used  to  include  the  less  active  ones  and  certain 
innocuous  isomers  of  the  sapotoxins  which  are  formed  from  them  by 
boiling  with  alkalies.  These  terms  as  well  as  the  popular  names  of 
several  of  the  plants  ^rom  M'hich   the  active  principles  are  derived, 
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rpfcr  Xo  the  proiwrty  ilu*y  |»(xs»ess  of  fonning  fmthy,  soap-lik**  solutions 
in  water  aud  of  holding  insoluble  bodies  in  sua|iensii)U  in  it.  Very 
oft<!n  severul  of  tlicso  bodies  arc  found  in  a  sin;t;le  plant,  fither  several 
puni-rfiilly  ]H>i.soninKs  ones  (MiijMloxins),  a  mixture  of  sa[>utoxins  and 
^J)|^Milt^  or  sajHtnius  only. 

Sifionina  or  sapotoxius  are  found  in  about  150  species  of  plants. 
The  chief  of  theie  are : 

QidlUA  aai»onaria,  or  soapbark  (containing  qUiUaja-Jsapotoxin   and 

Saponaria  officinalifl,  or  soapwort  {nnpornbrh\  and  Haponin), 
Cyclamen  Europenm,  or  sowbread  (ej^cJamin). 
Polygala  senega  (Mntet/hi  atul  jmfifffnHc  acid), 
Agroctemma  githago.  or  corncockle  {affro»faunui'Mapotojphi). 
OypSOpllila  struthium  and  othtT  ^jM^'icH  (i/ifp/inphiln'^ittpotoxin), 
CUmeUrium  luteum,  (»r  blazing  star  (i:humt/}nnin-sapfttthvht), 
Smilax,  vurions  species,  including  those  known  as  sarsaparilla  (jtarsa- 
pcnln^  KirHnjtfiri/la-jtajioain  antl  pari/Iin  or  mniht^in). 

In  mMition  to  the  j>Iants,  which  owe  their  aetinn  to  the  preseni-e 
«f  thcM  hiKJieSf  :i  number  of  drugs  eontain  !sa|Kmins  alony;  with  other 
moti'  important  principles.  Thus,  an  almost  inactive  sa|H»nin  {digi- 
Uinin)  is  mot  with  in  digitalis,  and  similar  Hupomu^  probably  occiir  in 
•evwnl  uthcrs  of  tlie  digitalis  series  althougli  they  have  not  yet  been 
i«tUt«]. 

Th?  n»o5t  poisonous  of  these  arc  the  sajx>toxins  of  (luillaja,  agros- 
leniDiaand  gy[>sophila,  rpiillajac  acid,  and  cydnmin.  Seuegin  is  only 
ibont  une  tenth  as  poisonous  as  quilhija-sa|K>toxin,  and  the  Bapouins 
pfpttn-d  from  the  rtii|>otoxins  are  still  less  dangerous. 

ImxJv  chwcly  resembling  the  saponins  in  action  is  HnUtninr^ 

a  .  1   alkaloid  fouml   in  many  s|K'eies  of  Solanum,  such  as  8. 

nignuu  iblacU   night?ihade),  S.  dulciimara  (bittersweet),  S.  tuberosum 

tpniaiij).and  probably  in  some  species  of  ScopoUa.    In  Solanuui  nigrum 

ami  S.  duhuiuara  it  is  accompanied  by  small  tjuautities  of  one  or  more 

biwrewmbling  atropine,  while  in  dnleamara  a  glucosidal  Ixxly,  Ihd- 

tnmanti^   has    been    found  also    belonging   to  the  sa{H)toxin   series, 

HeMnint.  is  said   to  be  generally  aceompani<.Ht  by  S(tftiiu'liu\  a  nearly 

relalwl  alkaloid.     Solauinc  breaks  up  on  being  healed  with  acids  into 

Mpar  uihI  a  V»ase,  .W/i/i/V/iiir,  which  retains  the  poisonous  action.     In 

imih  sftlanine  and  solanidine  seem  to  be  prt^scut. 

iiu|K»rtancc  arises  from  its  occurrence  in  the  (xilato,  which 

ha  given   rijw    to    wide.apread    poisoning  in  several  instjui«?s.     The 

aaount  of  solaniue  in  the   jiotatoisin  gcnend    too  small   to   provoke 

pourtnous  symptoms,   even  when  enormous  rpmntities  an?  eaten,  but 

when  die  [Mitatoes  Ix'gin  to  sprout  in  damp  cellars,  the  pi-rcentage  of 

fliiiliiDe  rapidly  incrcjises,  cspe<Mally  in  tlie  gn^n  buds  and  the  small 

Toung  ttibeni.    In  old,  rotting  potatoes  it  may  also  become  dangerously 

It  casps  of  |M))soning  are  more  likely  to  arise  from  the  use  of 

I,  unri|)c   pi»tutoes  than  from  tht^«e  which  an*  obviously  unfit 

Weil  states  that  the  increase  in  solanino  seen  in  potatoes  tliat 
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luive  been  kept  too  long  is  due  to  the  presence  of  bacteria  wlii 
this  alkaloid  from  the  [Kituto. 

In  any  case  tl»c  potato  skins  contain  nearly  half  of  the  so 
and  if  these  be  removed  l)efore  boiling,  a  oonsidenible  part 
alkaloid  contained  in  the  edible  part  is  extnicted  by  the  water. 

Action.  —  The  sapot^xins  poswss  a  very  irritant,  looal  actiol 
protluce  acute  inflammation  of  the  alimentary  canal  and  exti 
tions  in  variont*  organs,  when  they  are  carried  to  them   by  the 
They  albo  destroy  tlie  red  blood  cells  when  brought   into  'eoDta< 
them. 

They  have  a  harsh,  acrid,  unpleasant  taste,  and  when  swallowi 
voke  nausea  and  often  vomiting,  with  pain  and  colic,  and  leas  fre<j 
diarrha?a.  They  are  not  absorbed  by  the  normal  epithelium  d 
alimentary  canal,  and  therefore  fail  to  produce  general  symptom 
less  some  lesion,  such  as  gastric  ulcer,  is  present.  Thus  pig» 
with  avidity  on  Cyclamen  and  are  unharmed  by  it  unless  some 
of  the  intestine  is  present.  The  unbroken  skin  is  not  afferted 
single  application  as  a  general  rule,  and  absorption  is  cxtremelv 
{nrnx  the  subcutaneous  tissues,  in  which  they  act  as  irritants,  hoK 
and  prtiduce  inflammation  and  suppuration.  The  sapotoxin  don 
fmm  Agn.jstemma  ditVers  from  the  otliers  in  being  absorbed 
rapidly  from  the  alimentary  canal  and  from  the  subcutaneous 
so  that  more  dangeroim  symptoms  may  arise  from  it  than 
other  menihers  of  the  series. 

In  an  epidemic  of  solanine  poisoning  from  pc»tatocs  descril)ed 
Schraiwlelxirg,  the  symptoms  consisted  of  headache,  colic,  voo^ 
and  diarrhoea,  general  depression  and  weakness,  and  some  mentiB 
fusion.  In  severe  cases  pallor  or  cyanosis,  dilated  pupils,  short  p€f 
of  unconsciousness  with  acceleration  and  theu  slowing  of  the  p 
were  observed.  All  the  patients  recovered  in  the  course  of  ten  d 
In  many  cases  some  rise  of  tem|)erature  was  noted.  In  experiiri 
on  animals,  Perles  found  almost  the  same  symptoms  and  the  I 
post-mortem  appoaranoes  as  after  sapotoxin.  Diarrlwea  wai*  no 
easily  irnhicpd  by  solanine  as  by  the  p(>is<.»nous  pntatoj  perhaps  bee 
the  pure  poison  was  abs^irbed  from  the  stomach,  while  it  was  car 
into  the  bowel  when  mixed  with  the  other  constituents  of  tlie  |iol 
Solanine,  on  the  other  hand,  seems  more  liable  to  cause  nephritis! 
most  sapotoxins,  and  albumin  and  hiemoglobin  are  general  I  v  fouo( 
the  urine.  When  sfilaniue  is  admiuiHtered  by  the  mouth,  most  of 
decomposed  in  the  tissues,  for  very  little  reappears  in  the  sto(d 
urine  Fis  f^tlanine  jind  solanidine.  "% 

When  these  bodies  are  injected  directly  into  the  blood  vcsselsyi 
induce  inneh  more  characteristic  changes,  which  very  often  prt>vc ! 
after  u  lotij^er  or  shorter  interval.  Very  large  quantities  thus  inje 
may  kill  animals  within  a  few  minutes  from  respiratory  paralysis, 
no  clmraotcristic  appearances  are  to  be  found  post  mortem.  Srai 
doses  induce  depression,  loss  of  app^*^^*  ^^^^'^^'^^^s  vomiting  and  C 
rhcen,  gt^ieral  weakness  and  oollaps*^'  ^^  ^™^  dyspncea  and  ir 
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Krhle  pulse.  Weak  convulsions  appear  just  before  the  failure  of  (he 
l!sptration»  while  the  heart  continues  to  contract  for  Home  minutciii 
[ingtr.  In  these  caiics  ucchyraoses  are  fiund  in  the  serous  memltrancs, 
icricanltum,  pleura  ami  peritoneum,  and  occasionally  in  the  kidneys, 
llniloi'arditis  has  l>een  observed  in  some  instances,  but  the  most  impor- 
anl  ultrrations  occur  in  the  stomach  and  intestines,  the  mucous  mem- 
brane of  which  is  Hwollen  and  con^sted  and  contains  numemus  blixxi 
*  -tious.     The  lymphatic  glands  of  the  abdominal  cavity  are 

I-  len  and  congesttHi  and  often  filleil  with  hroraorrhages.     Oc- 

SSMunally  the  kidneys  arc  found  to  contain  numerous  bloixl  casts  fill- 
ing the  lumen  of  the  tubules,  and  in  these  cases  albumin  and  luemo- 
[lohiD  ap[>ear  in  the  urine  before  death.  In  Cyclamen  poisoning 
(t\m  intravenous  iujection)  bfomoglobinuria  is  one  of  the  earliest 
lymptoma. 

The  Paponin  Imdies  are  general  protoplasmic  poisons,  destroying  life 
bercver  they  come  in  contact  with  living  tissues  in  sufficient  conccntra- 
tirpn.  Their  irritant  action  on  the  mouth,  throat,  and  stomach  is  the 
muse  of  the  nausea  and  vomiting  observed  when  they  are  administered 
in  this  way,  and  they  cause  sneezmg  and  coughing  from  the  same  action 
m  the  noec  and  throat.  On  other  mucous  membranes,  such  as  the  con- 
junctiva, and  in  wounds,  they  cause  similar  irritation  and  iuflamma- 
\m,  which  may  be  followed  by  suppuration.  A  form  of  local  anies- 
ihcsia  often  follows  this  irritatida,  the  terminations  of  tlic  sensory 
nmes  apparently  being  benumbed,  but  the  preliminary  irritation  pre- 
tlwks  their  use  for  this  purpose. 

Even  the  unbroken  skin  may  be  irritated  when  they  are  applied  re- 
patetlly  or  rubbed  on  in  the  form  of  ointment.  This  irritation  is  l)e- 
'nved  by  redness,  heat,  itching,  and  eventually  by  the  formation  of 
litetnles.  Their  local  effects  when  injected  subcutancously  also  indi- 
fitte  their  irritant  pro|iertie8. 

Whea  t!>e  individual  organs  are  exposed  to  the  action  of  saponin 
wdies  by  the  direct  application  of  solutions  Ui  them,  a  similar  poison- 
"W  action  is  elicited.  Muscle  contmcts  more  weakly  even  in  dilute 
wlatious,  is  eventually  entirely  paralyzed,  and  is  altered  in  structuiv, 
^  transverse  strise  of  voluntary  muscle  and  of  the  heart  l>e(V)ming 
fPiy  iadistinrt.  Nerves  ex|K)sed  to  solutions  are  also  ^xiralyzed  in  tho 
*in]f  way,  and  the  movements  of  cilia  cease  at  once  when  tliey  are  ex- 
P^^wl  Insapotoxin  boilies.  The  bloctd  undergoes  characteristic  changes 
*llm  it  is  acted  on  by  saponiu  either  in  the  vessels  ttr  in  the  test-tul>e. 
*M  coajrulalion  is  said  to  be  acoelemted  by  small  cpiantities  of  cycla- 
"^n,  and  is  certainly  retanled  by  larger,  but  the  most  striking  eftect  is 
*"t 'lestruction  of  the  red  corpuscles  and  (lie  liberation  of  the  hiem- 
t^'^iu,  which  forms  "  laky  '■  blood.  Even  one  part  of  cyclamiu 
wW«l  to  100,000  parts  of  tliliited  bKx)d  completely  destroys  the  red 
**looil  cpIIsj  while  hiemoglnbin  appears  in  the  serum  wlieu  consider- 
*Wyl«8  poison  is  added.  The  other  sajHinin  bodies  act  less  }M>wer- 
"ll^)r  iu  this  direction  than  cyclamiu^  but  still  pi-oduce  distinct  s4ilutioa 
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of  the  substance  of  the  red  corpuscles,  When  u  .sapoujn  is 
into  the  blotxl  of  a  living  animal  this  de.Mtruction  of  the  red 
cells  tJikos  place  to  some  extent,  and  the  phisnia  coiitjiin-;  hiem 
wliile  the  blood  oorpuHclos  are  con.siderubly  dimiuijihetl  lu  ; 
Thin  hii^molytic  action  is  not  the  result  of  change*  in  tLc 
gjobin,  ibr  the  corpuscles  are  found  to  bo  more  [Hrmeable  b 
also,  and  this  even  under  conditions  which  prevent  the  lihe 
heemo^lobin  (Stewart) ;  it  lias  n.'cently  been  shown  that  .sapoi 
more  powerfully  on  the  red  blood -ci»rpuscles  in  the  absence  of 
and  that  the  stmmata  of  llie  wqm.srles  are  the  part.*;  alVected  J 
the  hiemoglobin  ;  (iually,  it  appears  extremely  jircdiable  that  tlie 
ysLs  is  due  to  tlie  aftiuity  of  .sa])onin  for  the  cholesterin  an 
lijxiids  of  the  eorpuseles,  the  ehangps  in  the  physical  condition 
chulesteri n  through  the  f>ermeation  of  the  gluetiside  restulting  it 
rupture  nf  the  cell  and  the  lilx^nition  of  the  b{cmoglobiD. 
serum  retards  the  action  of  8a[3ouin  on  the  corpuscles  hv 
Home  of  it  in  ccrmbination  with  its  lipc^id  oonstituentc^  ( 
Heilon). 

The  circulation   in   mammals  is  comparatively  little  affect 
just   before   death,   when   the    blootl-pressurc   falls   rapidly 
pulse    becomes   weak    and    slow.     The   heart  continues    to 
a  short  time  after  the  respiiiition  ceases,  but  is  very  weak,  and  & 
stops,  even  although  urtiiieial  respiration  is  maintained.     The  ii 
frog's  heart  is  puralyze<l  by  sapotoxins  in  the  same  way  as  IJie  l 
muscle. 

In  many  experiments^  death  would  seem  to  be  caused  by  eolla 
lowing  the  changes  in  the  alimenbiry  canal.  In  others,  howevei 
only  small  (piantiliesof  the  ixiison  have  been  injected,  no  such  c 
are  observeil,  but  tlie  animal  dies  after  a  few  days,  presenting  ] 
tinct  symptoms  except  general  weakness  and  depression.  ( 
other  hand,  very  large  quantities  injected  into  a  vein  may  pron 
within  a  few  uiiJUUe.'^j  and  here  again  no  symptoms  of  intestinal 
may  apjicur.  It  is  therefore  believed  that  in  adilition  to  their  i 
efftH'ts  these  IxMlies  have  a  s{)ecial  action  on  the  central  ncr\'ousf 
although  it  is  im|iossible  at  present  to  specify  its  nature.  The  I 
tiou  is  in  all  cases  the  first  vital  function  to  be  suspended.  Siipo! 
applieil  directly  to  tin*  spinal  conl  in  the  frog  first  provokes  eonvui 
twitching  and  clonic  spasms  aitd  then  }mrulyzes  the  animal,  but 
he  questioned  whether  it  would  have  llie  same  effect  when  car 
the  f)UKxl. 

The  sapotoxiiiH  are  poisonous  to  invertebrates  apparently,  unl 
are  protected  hy  a  shell,  thnnigb  whi<!h  they  c^m  not  penetrate 
the  amteba  and  other  simple  orgamsms  cease  their  movements 
intestinal  worms  ai-e  first  excited  and  then  paralyzed  in  the  pf 
of  si»me  of  the  group. 
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^"  PnKPARATKtNH. 

p.  S,  r. ).  QuillaiflB  Cortex  (U.  P.)»  Pa'uiiwu  Imrfc,  S<mp  hnrk,  the 
f  Quillujn  Aiiponariu. 

TtotH  V"«%>  il'-  ??■  ^')y  <*-2  c.c.  (3  minK.). 

}mi/ajte  (U.  !^.  P.),  Tinrtuni  Quilhiur  (B.  P.).  2-4tM!.  (30-GO  inina.). 
Qa  (U.S.  P.),  tiie  root  ol' Siiiiltix  uHRiiiali?',  S.  me<Iii.'«.  S.  piipy- 
uther  f*|K«iw  of  r^inilux. 

?/««(  .SftrMpisrifhr  f  K.  S.  P.),  4  c.r.  (1  ft.  dr.). 
i/uin  Sttntn/Hirillic  (bm/«W/«in  coDtain«na*wafraM,  liquorice,  and  meM- 

(1  fl.  dr.). 
hrMiparidft  (ompomtm  (U.  8.   P.)  WMitui;is  li<)Uorioc,    senim,  Bnd 
ftwtifrrts,  uni«e  and  winkTgreen.      I<>-15  i-.c.  (li-4  fl,  dre. ). 
idix  (K   P  ^   rmn*:iparillu,  the  dried   root  of  8miUix   oroatu,   im- 
CV»»tn  Rim  iind  known  u^  JiiuiuicH  sanmpurilla. 

'»r  <'nmfH}''ititJi  i 'oiirrutratun  (11.  P.)  i.-*  fonri<?d  fruni  Rarsaimrina,  Wis- 
Uitiucuiii  w*M»ii,  li<)nijri('**  uiid  inexereum.      2-8  fl.  dra. 
i.SiriiW  Lif/Hu/um  (H.  P.\,  2-4  fl.  drs. 

J.  S.  P.  I,  SenegS  Radix  f  B.  P.),  the  root  nf  Pnlygala  Senega. 
lr/«wi  iVii^5;'r  (l^  !^.  P.).  ^*-*'*-l  ^^■•^-  M^l'"*  liiius.}.* 
tw-'A/-  (L*.  ?^.  P).  +-«  f.t?-  0-2  fl.  dra.). 
t«^y'r  (H.  P.I.  i-I  tl.  dr. 
irtpr  (hnra\iratu»  (B.  IM,  ^-1  fl.  dr. 
fur,jir  iH.  |».t,  J-l  fl.  !)/„:  !is  a  draught,  2  fl.  oa. 
Hi  Badix  (K.  P. ),  the  dritd  nx»t  of  Hemidcsmus  Indieus. 
^uh;mi{K  P.),  i-1  fl.  dr. 

Itic  Uses. — ^The  drugs  of  thit*  group  are  all  quite  superfluou.s. 
be  used  to  increa^  the  bronchial  secreliou  in  cough  through 
caused  by  their  slight  irritiuit  action  in  the  stomach,  but  they 
Ivautages  over  .such  drugs  as  ipecacuanha  or  aponiorphiue; 
of  8<*n^^  is  often  prescribed  in  expectorant  njixturcs  for 
Be.  Sars;i|)arilla  lia.s  t>een  suppu.scd  to  have  an  obs(!urc 
the  nuiritiou,  and  has  some  rcputaliou  iu  the  treatincut  of 
It  there  is  no  rea.son  to  believe  that  it  is  of  any  service  here 
ithtT  condition,  although  it  may  Ix^  used  as  a  vchich'  for  the 
tioii  of  mercury  and  iodide  of  potiiwsium.  For  tiiis  purpose 
ind  synip  [J.  S.  P.  or  comp<iuiid  liipior  B.  P.  is  the  best 
I.  Quillaja  has  been  used  to  some  extent  as  an  expectorant, 
\y  to  form  emulsions  and  to  suspend  insoluble  ]K»wderH.  Its 
tctiou  ought,  however,  to  prechnle  its  use  for  this  purpose, 
ently  stated  that  members  t>f  the  sji[KJtoxin  series  are  anti- 
ptalis  poisoning  ;  but  this  is  founded  imi  experiiuentH  in  which 
were  applied  directly  to  the  frctg'.n  lieartj  and  there  is  no  rca- 
pose  that  they  wouhi  opi>ose  each  other  in  man,  especially  if 
be  mouth,  as  sa|M)toxiu  is  altsorbed  only  with  great  difficulty. 
&ra  lias  been  used  to  a  limilcil  cxtctitas  a  sedative  an<I  hvp- 
hliMj  as  a  diuretic  and  diaplioretic  and  in  some  skin  diseases. 
fc  HHim  to  posse.ijn  any  properties  which  would  render  it  of 
ledtciDC,  and  might  well  be  dispensed  with. 

Reries  of  bodies  resenihlinc  the  saponin  series  in  their  efTects  are 
k>lvines,  Oleites,  Polysolve,  etc,  and  arc  derived  from  oleic  and 
jiraeitbi  hy  ihe  action  of  sulphuric  acid.  The  tx'st  known  is  that 
liciuoleic  acid.     According  lu  Kiwullj  solyines  have  the  same 
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doftnicttTC  nction  as  napotuxin.  Tbejr  have  beea  used  in  inpflicinr  f) 
enuiIfMoiiH,  but  their  use  lierc  is  to  be  deprec4itcd  on  the  same  groumln  u 
of  t[ui1Iuja. 

BlBMOCiUAPHY, 


Knhrri, 
Steu^irt. 
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Purhmtkw,  AthM  h.  7^(/«iM>ir.    Arbeitt-n  ii.  d,  Pbanu.  lust,  lu  Difrjwt, 
KrutkaL     Ibid.,  vi.,  p.  1. 
KiwtiU.     Ibid.,  Hi.,  p.  1.    (Solvin.) 
SrhnU.     Ibid.,  xiv.,  p.  1. 

BrufTc.    Journ.  of  Med.  Research,  riii.,  p.  362. 
Solantne. 

llwtrmnnn  u.  Itulmam/a.     Arch.  f.  exp.  Bath,  n.  Pharm.,  iv.,  p.  309. 

/Vr/<(«.     ll>id.,  XX vi.,  p.  88. 

Mn/rr  u.  Srhmiedeherg.     Ibid.,  xxxvi.,  p,  3^)1. 

Pi'uM.     DeiJtsch.  nied.  Woch.,  I80»,  p.  763. 

Weii.     Arch.  f.  Hygiene,  zxxviii.^  p,  33(). 


XXI.     ASPmOSPEBMA,  OR  QUEBRACHO. 

The  bark  of  Quebraclio  bluuco  (Aspidosperma  quebracho)  eontuius  n  a*^ 
bcr  of  alkaloids  which  are  probably  very  simitar  iu  chemical  eouiptii^itiuu  * 
which  seem  to  poH8e.srt  almost  the  »ame  action.  They  tiro.  Anpidogjtcnm* 
AitpUloipermaUnej  Aaju'dosftmine,  Hypoqu^bracJiinf^Quebri^chitie  and  Qiubm^^ 
mine.  Another  fpecies  of  A-spidosperma,  Payta,  coulaius  two alkaluidi^,  /^ 
tine  and  Paytaninc,  of  which  Payti"*^  resembles  closely  the  Quebracho  uJ^ 
loids  in  its  pbarmacologicul  action. 

The,se  alkaloids  all  prodme  nnunea  but  even  after  large  doees  vomit* 
does  not  occur  except  after  Aspidosamine.  The  nnu.sea  is  accompanied 
the  usual  concouiituut  symptoms — salivation,  iucreased  secretion  of  miaC 
In  the  respiratory  tract,  depression  and  alternately  rapid  and  slow  pul^ 
Large  quantities  uflen  cause  symptoms  of  central  nervous  stimulation,  to* 
contractions  and  oouvulsions.  The  respiration  is  quicker  and  deeper*^ 
small  quautitii's,  but  afler  lethal  doses  becomes  slow  and  weak,  and  fin^ 
ceases.  Periodic  respiration  often  occurs  before  the  final  :standstill,  a  se*^ 
of  deep  dy.sjinnpiic  movements  alternating  with  several  shallow,  insulfici* 
0DC8.  The  failure  of  the  respiration  is  the  cause  of  death  in  mammals,  *■ 
heart  continuing  to  contract  for  some  time  longer.  After  AspidoeflmU 
there  is  no  stage  of  quick  and  deep  respirations,  but  the  breathing  is  rent" 
slow  at  once  and  soon  l>econies  periodic. 

These  sjTnptoms  are  generally  ascribed  to  a  direct  action  on  the  oen< 
nervous  system,  which  is  first  stimulated  and  then  depressed.  Therli* 
seat  of  action  seems  to  be  the  medullarj'  centres  and  the  spinal  cord,  althoiYJ 
tht^  ha>»l  pin^lia  may  also  he  more  or  less  involved.  The  stimulation  of  C 
inedullaiy  centres  explains  the  nausea  and  vomiting  and  alao  the  chaiiper^ 
the  rospirnti*in,  while  the  convulsions  and  increased  retlex  excitability  \n>t 
to  the  spinal  cord. 

The  terminations  of  the  motor  nerves  in  voluntary  muscles  arc  paralyv' 
by  aspidosamjne  and  quebrachine  in  the  frog,  not  by  the  other  alkaloids ;  W 
ail  of  them  lessen  the  strength  of  muscular  tissue  and  evoutually  parulySQ 
In  these  animals.     Neither  of  these  resuits  has  beou  observed  to  foUoi^tt 
injection  of  the  alkaloids  in  mammals.  ^H 

Tbo  circulation  in  nmmnmU  \n  atl'ccled  indirectly  through  the  nausea,  atf 
the  heart  may  ije  slowed  by  very  largo  doses.  Woiid  states  that  even  mfKlent 
qumilities  redncc  the  bltHKl-prewuiv  in  the  dog. 

Eloy  and  lluchard  observed  diarrhtwi  and  an  increased  secretion  i>f  una 
occasionally  follow  the  administration  of  the  alkaloids,  and  they  alao  deaciil 
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Afmiuuaculoration  of  the  blood  which  thoy  atwribe  to  a  dimitmtioii  uf  tho 

!  -Iiin.     Pen/oltlt  utlrihulcd  the  asphyxia  to  chunges  in  Ihe  rod  cells, 

ibji'ct  of  the  action  of  these  alktUnidii  oit  the  bloud  requirtts  furthor 

lavistigattoa. 

I     None  of  the  quebracho  alkaloids  is  very  poisonous,  but  of  the  aeries  quo- 

Invhlue  is  tho  most  t-oxio,  aud  ovpido^miuiiie  and  a>4pido8pprmatine  follow  it 

riistly.    -Vspidospermine,  quebruchamiue  and  hypoquebraohaininearocom- 

panitivtly  weak. 

(ViRimircial   ''aapidospermine"  18  a  mixture  of  all  the  alkaloidft  along 

mth  utluT  bodies.    It  isaorootimos  prescribed  in  doHe«of  1-2  mj;s.  (A-s'o  ^•)- 

A3fiiH(r«{ierma  was  advised  by  Penzoldt  in  the  treatment  ofdyspnii^  from 

t.  (if  ("aiisvti,  aud  his  statements  have  re<'eived  a  certain  amount  of 

from  clinicjana.     Tbesipecial  conditionHin  which  it  ha8  been  adviHod 

*■    h    fiulmnnary  disease,  eapecially  omphywcma,  and  from  car- 

m1  asthma.     I ta  action  on  the  resitinUory  centro  may  cx- 

piwi  ,..  MniM-  i-.wcnt  the  benefits  derived  from  it,  but  the  increaHed  secretion 

of  thf  lironchi  pro<!uced  by  the  nausea  may  also  be  of  some  important^. 

It  bvaUio  been  employed  as  an  antipyretic,  and  has  been  shown  by  Eloy 
'O'lUachard  to  lower  the  tempen\ture  in  animals. 

BlBLIOORAPHV. 
Jbnaeku.  Hogmitn.     Zeit«chr.  f.  klin.  Med.,  viii.,  p.  471. 
Saf%.  Hudmni.     Arch,  do  Thys.  [31,  vii.,  ]^^h  P-  '^^' 
Wmbhl     Arch.  i.  exp.  i*ittb.  u.  Pharm.,  xiv.,  p.  451. 
*i«i   Univ.  of  Pennsylvania  MtNi.  Bull.,  Sept.,  1903. 

XXn.     QUININE. 

The  barks  of  various  species  of  Cinchona  and  Rcmijia  (Cuprca)  eon- 
taJt!  numeiH»iis  alkaloidn  which  seem  to  resemble  wxdi  other  ^l*>sely  in 
^ircfiemical  aud  pharmacological  projjcrtiej.  The  best  known  of 
t^  are  Quinine,  Qninidinr^  or  Conqnininef  Oitichimitte  and  CinvJumt^ 
^:  ihe  others,  amounting  to  some  twenty  in  number,  are  IwlievtHj 
h^resemhle  these  in  their  effects  on  the  organism,  hut  very  little  has 
f*ea  done  to  determine  this,  aud  nothing  is  known  regarding  their 
'^Utive  activity. 

Tbe  cinchona  alkaloids  are  derivatives  of  quinoline.  Cinchoninc 
lad  duchonidine  are  ir<omeric  (^'ijHjjNj^O)  an<I  perha]>8  contain  two 
■priiwline  molecules*  while  quinine  and  ipiinidinc  (Cj^Hj^X/)..)  are 
IWlitixyl  compounds  of  cinchonine.' 

Cinciiona  bark  cont;)in9  besides  these  alkaloids  several  acids,  inelud- 
"igl«iinins,  and  some  neutral  .substanws. 

Ihe  cinchonas  are  natives  of  Western  South  America,  but  are  uow 
^ollivatod  in  India  and  Java.  It  seems  questionable  whether  the  vir- 
'^Mof  die  bark  were  known  by  the  native  IndiauM  l)efore  the  inva.sion 
"1  the  Sjwinifih,  and  its  introduction  into  medicine  dates  from  uUnit 
IWO-IO-IO  ;  its  name  bears  testimony  to  its  efficacy  in  the  case  of  the 
Countesjs  of  C'hinehon  in  16^8. 

'1V()thcrftlk»1oiiUnf  ihU  Reriofl  which  have  been  identified  are  homocinchonidtne, 
ww^uiiwmidf,  miinarainp.  ciiwnninu,  omcusi'onine,  uricine.  cusL-Diiidinr,  cuiii-iifitine, 
(Vouoijliiif,  hydnxiuinine,  liydrotjiiiDiilinc,   hytlrocincliuriitic,  einchuimmine,  •itmira* 
(W«]UB!ninnne,  qaairamiiline  and  co[ii|uiiiniii)icJiiie.  wfii[<e  sevt'rnl  others  are 
t;  l>LfU  HL'parated  by  some  authorities,  liiil  iirt-  rejccti'it  hv  others.    Thii  acids 
•ckiii.twk'tjgvd  lo  be  prewiit  in  rin*  hoiia  nrv  niiinic,  (jumovir,  iiuinoiannic, 
ir,  ratrc<fWiinic  and  oxalic,  whilu  the  neutral  biltor  Bubatauces  have  been 
ovin,  (juiuova-reil  aud  cinchona-red. 
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Action. — (Quinine  (liff'ors  frf)m  most  of  the  other  im|K)rtaiit 
in  acting  Dot  on  some  specialized  form  of  living  matter,  but  on  the 
eral  nutrition  of  almost  all  forms  of  protoplasm,  Otlier  alknloids, 
as  Htrydmine,  ure  uIho  po»seH!»ed  of  i>imilur  efiects  ha  ri'ganls  nutritiui, 
but  their  strong  affinity  for,  and  intense  action  on  some  $|Ht'tiil  tissw, 
prevent  tlieir  effects  on  the  fundamental  properties  of  living  matter 
from  being  elicited  in  the  higher  animals.  Quinine  is  therefore  ofteo 
termed  a  i>rotoplasm  poison  because  its  action  extends  with  but  little 
variation  tlirou^hout  most  forma  of  living  matter;  on  tht'other Imu^ 
the  marked  effect  of  strychnine  on  the  nerve  cell  causes  it  to  br  el 
among  nerve  i>oi»ons,  although  in  organisms  devoid  of  a  nervoHS 
tern  it  resembles  <|uiniue  in  its  eS*ects.  The  ettects  of  quinitic  on 
toplasm  generally  consist  in  transitory  augmentatioa  of  its  act! 
followetl  by  depression  and  death. 

The  action  of  tpiinine  on  UndiffoTentiated  Protoplasm,  such 
found  in  the  unicellular  organisms  and  in  the  ovum,  is  therein: 
greater  interest  tliaa  that  of  most  alkaloids.  Biiiz  found  tlmt 
very  minute  tjuantities  sometimas  increase  the  movements  of  then 
and  infusoria  at  first,  large  amounts  paralyze  them  imme<liatcly, 
the  protoplasm  assumes  a  darker  granular  appearance.  Tht-  rhytliimp 
movements  of  ciliated  organisms  are  rendered  slow  and  finally  arrRStifli 
by  very  dilute  solutions.  The  microl>e8  of  putrefaction  are  aJso  acUH 
uptjn  by  ipiiniiK',  allliough  they  seem  more  resistant  than  the  protozm; 
still,  quiiiino  solutions  h:ive  considerable  antiseptic  power,  eiiuiillinc 
thai  of  farijolie  acid,  according  to  some  observers.  The  aloolioHf. 
hictic  and  butyric  fermentations  are  retarded,  or  entirely  prevenlfll 
by  quinine,  through  tLs  effects  on  the  organisms,  but  it  is  apjari'iillj 
devoid  of  action  on  some  of  the  lower  forms,  formouKls  (Pcnicilliom) 
grow  freely  in  solutions  of  the  salts  ;  so  that  the  alkaloid  seems  to  lave 
a  seleetive  aelion  here,  Hudi  as  is  observed  also  in  its  effects  on  th* 
ferments  of  the  higher  animals.  Another  example  of  its  action  on  ll* 
vegetable  cell  is  that  discovered  by  Darwin  iu  some  insectivoron* 
plants  (DrosenOi  in  which  the  movements  seem  to  be  lirst  excited  iB* 
later  paralyzcMl  by  the  quinine  salts. 

The  inHiietice  of  xjuinine  on  the  reproductive  celU  of  animnls  Ha" 
been  earefulty  studied  hy  O.  and  R.  IlertHig,  who  found  that  Iwth  ih* 
sperm atozof in  and  the  ovum  of  the  sea-nrehin  are  injured  bv  the  oAdi- 
tion  of  i|uiiiinc  to  the  sea-water,  the  movements  of  the  former  btinf 
paralyzed,  and  the  stages  (treceding  impregnation  in  the  latter  pn>gres*- 
ing  more  slowly,  or  actually  retroec'ding.  When  quinine  is  apitlip* 
after  the  male  nucleus  has  entered  the  ovum,  the  complete  coujugatino 
ia  delayed  and  the  whole  process  is  rendered  abnormal  by  the  odmi*' 
sioD  of  several  spermatozoa.  Quinine  :ip[>lied  still  later  preveuUOC 
delays  the  division  of  the  ovum  through  its  effects  l3oth  on  the  nuclvi^ 
and  on  the  f^eneral  protoplasm  of  the  cell. 

The  inilividual  ceils  of  more  complex  organisms  are  affected  in  tfc 
same  way  as  tliese  more  simple  ones.     This  was  first  demoustnited  i 
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icytes  hy  Binz,  and  after  some  opposition  has  been  generally 

ted.     When  a  drop  of  blootl  is  examined  under  the  microst:o|>e, 

white  eells  are  observed  undergoing  constant  chanjres  of  form  and 

sitiou  exaetly  nimilar  to  those  of  the  am<eba,  but  minute  (quantities 

jft  quinine  salt  are  sufficient  to  stop  all  movements  at  once,  and  the 

pnwytes  assume  a  spheriejil  form,  bet'ome  darker  in  eolor  and  gran- 

t,  and   soon  break  up  into  (k'bris.      In   the   blood   vesiiels  nimilar 
iges  occur  when  quinine  is  applied  locally,  a^  to  the  ftsi^r'^  mesen- 
t;  the  leucocytes  again  become  darkly  granular,  and  ceiLsing  their 
ping  luovemcnu,  are  carried  along  by  the  current  much  more  rap- 
vtlwn  usual.     They  are  no  longer  observed  to  push  their  way  through 
voii!*el  walU,  and   if  they  have   already  [Mjuetrattnl   into  the  tissues 
ir  movements  are  arrested.     If  irritation  Ix?  applied  to  the  part,  no 
h  accumulation  of  !euco<^ytes  occurs  in  the  tissues  as  in  the  unjH^i- 
oed  animal,  and   if  an  irritant  has  been  applieil  Hrst  and  the  leueo- 
tes  have  poured  out  of  the  vessels  l>efi>re  the  quinine  is  applied,  the 
*icess  is  arrested  at  once  on  its  application.     This  etlect  was  explained 
f  BInz  as  due  to  the  jxjison  acting  on  the  leucocytes,  and  although 
lonpts  have   been   made  to  explain  it  by  some  change  prodncw!  on 
e  vessel  wall  by  the  drug,  tliere  now  seems  no  reason  to  question  the 
trectneflB  of  his  view.     Similar  rt^nlts  are  observed  when  the  drug 
BOtapplied  locally,  but  carried  to  thf  part  by  the  vessels  ;  the  move- 
Niti  of  the  leucocytes  in  the  vessels  are  less  distinct ;  they  are  carried 
tog  passively  in  the  general  current,  assume  a  spherical  form,  and 
TC  much  less  tendency  to  escape  into  the  general  tissues,  and  at  the 

Pme  the  nnrnber  of  the  leucocytes  in  the  blood  undergoes  a  eon- 
!e  diminution.  It  would  be  unjustifiable  to  infer  from  these 
iients  that  the  therapeutic  dose  of  quinine  inhibits  the  raove- 
«it«  uf  the  white  blw>d  cells  in  the  human  hiHly,  and  it  is  no  part  of 
iiii's  theory  that  this  oceurs.  The  eflect  of  quiuineon  the  leucocytes 
kmptvly  an  example  of  its  effects  on  the  tissues  generally.  At  the 
UDflimf)  the  number  of  leucocytes*  in  the  human  blood  is  diminished 
yofxlipary  quantities  of  quinine,  showing  that  the  action  ou  the  frog's 
NKwytes  extends  also  to  those  of  man,  even  when  the  quinine  is  ab- 
i>W  from  the  stomach  and  intestine. 

Other  evidence  of  the  action  of  quinine  is  gained  from  processes 
rbich  may  be  reeardeil  as  due  to  Unorganized  Ferments. 

Thos  tie  oxidizing  action  of  drawn  blood  was  shown  to  be  dimin- 
W  in  several  experiiuents  jMjrfonucd  by  Hinz,  Immediately  after 
iwtie  from  the  vessels  the  unpoisoned  bKx:til  undergoes  a  diminution 

ifa  alkalinity,  fn>m  the  oxidation  of  sornt-  unknown  substances  at 

I 'expense  of  the  oxyhremoglobin,  which  is  partially  reduccfl.  This 
il  fermentation  is  prevented  by  the  addition  of  (juinitie  to  the  blood, 
en  when  pieces  of  tissues  are  added  and  the  reduction  of  the  arterial 
md  would  ordinarily  be  much  accelerated,  quinine  prevents  or  retards 
change.  A  similar  inhibition  of  the  oxidizing  action  of  t!ic  blood 
by  it.s  failure  to   form  the  blue  oxidation  product  of  guaiac, 


i 


QuiyiyE. 


357 


QWTi  iroh.ihle.    bowever,  that  the  locul    irriuition  of  the  acid   s&\Ui  usually 
ui^  't  thif  tempomrj'  depreHsion  iiwliroctly,  and  that  the  action  on 

((]'  voujf  t*y»t«m  CMtriHist^  in  a  trunsient  Ktiniubition  Ibllowc'tl  by 

Ll'  ion.     The  titoitemeai  Ihut  tlio  deprestfiou  is  due  to  the  wenk- 

K-  irt  seems  iucorrt'ct. 

1  iu  the  Circulation  in  mammals  arc  caused  by  a  preliminiiry 

ei>i;i  !   ih»^  arterioles  iiu«l  accelenition  of  the  heart,  followiMl  by  ilila- 

\mni  ihc  lunutfr  and  slouing  and  weakening  of  the  latter.  In  both  ca^es 
ibtfiwliitu  i*  prt>bably  a  direct  one  on  the  muscle  of  the  arterioles  and  heart, 
Allliutiffti  Home  inveMi^toni  i>oni^ider  the  ao^^eleration  due  to  d^prt^B^ion  of 
t^iaiubitory  raec1lani^4m  in  the  heart  or  in  the  medulla  oblongata.  The 
quinine  on  the  Ittolated  frf)g*B  hejirt  have  bei^n  studied  carefully  by 
who  found  that  the  action  was  entirely  nniscular  and  consistwl 
terfoving,  nccompanicd  by  marked  decrease  iu  tlie  strength  of  tho  contrac- 

hflitftl  poisoning  in  mammals  the  heart  In  generally  ven,'  much  weakene<l 
wtMtbo  respiration  cease**,  but  continues  to  beat  lor  some  time  afterwards. 

Quinine  ael^  ujmju  Mnacle  in  the  aume  way  jxs  upon  the  Himple  orKnuidins, 
lempomnly  increasing  its  power  and  subse<|iieutly  weakening  it.  Tlnia 
ftatcaoD  fouuil  that  Uie  strength  of  the  Individual  contmotiouB  was  in- 
ombhI,  and  that  a  contmetion  oecurreii  against  greater  re^^istunee  than 
aonuliy,  but  when  the  stimulaCion  was  repeated,  fatigue  set  in  iK>oucr  than 
Im  tbe  unp<>i7H>ned  mui:K*le.  Lai^e  quantities  of  qnmine  throw  the  muselo 
intorignr,  whirh  re*emblea  that  produced  by  cafl'eine,  and  is  probably  aaso- 
cfalfd  with  it.*  lietion  in  accelerating  the  coagulation  of  myot-in  (F&rth). 

The  Narve  TrimkB  are  said  to  be  remarkably  lolerant  to  Molutions  of  qni- 
abi'.  wtijch  do  not  lessen  their  irritability  when  applied  locnlly  in  t^utUcient 
quotity  to  ouwe  marked  abnormalities  in  the  mnncular  coutrm'titm.  No 
nJArifnt  evidenee  has  been  lirought  forward  that  quiuiue  ad'eetrt  the  jieriph- 
«il  nhIm  of  the  motor  or  «en.*iory  nerve.**.  The  numlx-r  of  Leucocytes  iu  the 
U'""dUnmcli  diminished  by  the  Uilministratiou  of  quinine  in  man  and  the 
Ur*rr  mammiil.-*.  hut  it  ia  unkno^\^l  how  this  is  etTectcd.  The  statement  that 
tlir  n.iriiiiij  Spleen  undergoes  a  ei>iitraction  in  size  and  partial  atrophy  alter 
'lDiniiiL\  while  not  impn>Uible  in  itself,  is  not  supported  by  expenmenti»  in 
•lilWiiirurate  methods  were  used. 

A  »li(tht  inenyijH'  in  the  amount  of  Urine  excreted  hjis  been  ol>served  some- 
UiDBh.  but  does  not  seem  eonstAUt.  It  is  attributed  t<i  the  action  M'  the  (pii- 
nlnpnn  the  renal  epithelium,  by  which  it  iy  excreted.  The  other  secivtions 
^ttiftMwiu  tu  Ik*  altered  by  ijuiuine  uuIcsk  it  is  applii^l  directly  to  the  cells 
ialttfe  qunntity  by  injecting  solution.-?  into  the  duct  of  the  gland.  The 
Mricianit  lf>  ma«le  that  the  glyt'ogi>i)ie  function  of  the  liver  is  alteretl  so  that 
lev •Q|;iu' than  u«ual  is  supplie*!  to  the  blood,  and  there  is  some  evideuco 
tUtoUier  hepatic  functions  are  lesH  active  than  usual. 

CLuciiona  preparationH  and  quinine  have  the  same  action  on  tlie  appe- 
tml  digttiitiou  iu  man  as  the  simple  bitters  and  qux  vomica.  Or- 
rjr  lhcni[K;utie  dos<'H  often  produce  no  very  obviou.s  nymptoniB,  the 
*D*»t  frw|uent!y  ohwrve^i  effect  consisting  in  derangement  of  the  Sense 
tfHauing.  lens  frequently  of  that  of  Sight.  Kinging  or  roaring  sound.s 
iti  tlie  i-arsi,  ao(*oin|Minie<]  by  ^HgHt  dejifncss,  are  pnKJnceil  by  nio<]emte 

CQtitiefi  and  large  doses  are  not  infrequently  followed  by  complete 
of  heiiring  for  a  time.  Contraction  of  the  held  of  vision  is  oh- 
MrvdJ  \eegi  often,  but  in  some  cases  total  blindness  has  l^een  produced 
tml  hw  IiLSted  for  several  days  or  even  weeks.  Color-vision  is  es- 
pBcially  liable  to  be  rendered  imperfect  or  temjwrarily  pjindyze*!  by 
^Qtaine;  tlttt^  disorders  of  sight  are  aceouijKiuied  by  a  very  umrked 
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oontraction  and  even  obliteration  of  the  retinal  vessels  and  aomedi 
by  (legpiiprative  changes  in  tlie  retinal  nerve-tells  und  even  lij*  alro| 
of  the  optic  nerve.  It  is  still  undecided  whether  the  vascular  chan| 
or  the  nei-vous  degeneration  id  the  primary  lesion,  hut  the  majority  o( 
investigators  at  present  favor  the  view  tliat  the  wjustriction  of  the  ves- 
sels is  merely  an  accompaniment  of  the  g;mvcr  effects  on  the  ganglionic^ 
.structures.  The  symptom*,  in  the  ear  have  genenJly  been  rej^-anled  us 
the  rf-sult  of  (longe^tiou  uud  lijeniorrhages  in  the  tymjKinum  and  laliy- 
rintli,  but  Wittmaack  lia-s  receutly  shown  that  this  view  is  founded  tra 
erroneous  nh.Hervations,  and  states  that  degenerative  changes  oocJir  in 
tlie  Hpiml  g:iuglion  in  the  crnhlea  exactly  analogous  to  tliose  dcscrrilied 
in  the  retina.  Quinine  |x)sses.se-s  some  irritant  action  which  betrays 
itticlf  iu  (li.s(;omfort  in  the  .Ht4)niaeli  autl  eructation  after  large  and  re- 
peated thjses  by  the  month,  and  by  \kx\q  and  tenderness  when  it  is 
inje*'t4Nl  subcutaneoMsly ;  but  this  drawluok  is  not  of  s*>  much  im|K>rt- 
anee  an  in  the  ca.se  of  many  other  drugn. 

Ijftrge  doses  of  quinine  produce  some  confusion  and  depression  with 
a  sense  of  fuhiess  and  heaviness  in  the  head  from  their  action  on  the 
Oerebmm,  and  this  is  sometimes  accompanied  by  uncertain  gait  and 
slow  pulse.  Very  few  eases  of  fatal  poisoning  have  l»oen  satisfactorily 
determined  to  be  due  to  (juiuiue,  although  a  considerably  larger  nura- 
l>er  have  been  attributed  to  it.  In  these  cases  marked  weakness  of  the 
heart  and  roUapse  ac^ompunied  by  loss  of  sight  and  hearing,  muscular 
weakiK'ss,  apathy,  slow,  gasping  respiration  and  finally  uncoDscious- 
ness  and  total  failure  of  the  respiration  were  observed.  In  some  cases 
delirium  and  c^)nvulsions  have  Ixjcn  noted,  but  it  may  be  doubted 
wlit'ther  the  prepanvtion  did  not  contain  other  mcmlx.'rs  of  the  ciu- 
chona  alkaloids.  Knormous  doses  of  quinine  sulphate  have  been 
swallowed  without  any  serious  results.  Thus  in  one  cose  thirty 
graninics  (one  otince)  produced  only  wme  confusion  and  noisi's  in  the 
ear.s.  Probably  only  a  small  quantity  of  the  drug  was  alisorbwl,  as 
the  siiiphate,  which  is  gcueraHy  used,  is  exceedingly  insoluble. 

The  extensive  use  of  quinine  in  theraijeutics  has  demonstrated  that 
many  persons  have  curious  Idiosyncrasies  in  regard  to  it.  This  is  be- 
trayed in  many  cases  by  the  development  of  ear  symptoms  after  com- 
paratively small  doses,  but  in  others  symptoms  arise  which  do  not 
apiwar  in  the  great  majority  of  people  even  after  large  doses.  Tlie 
commonest  of  these  arc  skin  eruptions,  of  which  a  large  variety  have 
In-en  described,  and  which  cjm  be  distingnishwl  from  oi-dinary  diseases 
of  the  skin  only  by  the  history  or  by  the  detection  of  quinine  in  the 
urine  and  other  excretions.  These  exanthemata  are  often  aceompanied 
by  s(tme  rise  iu  temperature,  which  has  recciveil  more  attention  than 
it  appears  to  deserve,  for  it  is  rare  and  even  wheu  present  is  of  insig- 
nificant extent.  Other  less  inifwrtaut  etfects,  which  have  been  oooa* 
sionally  uotc^l,  are  g-astric  discomfort  and  diarrhoea.  In  very  mn^  nases 
the  administration  of  quinine  is  followed  by  fever  and  hromoghibinurin 
(black  water)  or  albuminuria  ;  tlie  {Kilients  ore  in  almost  ever)*  case 
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•Nfs  from  old  ninlnrial  infwtion,  but  there  is  no  question  tJiat  in 
jT  (u-Mi^  lUe  symptoms  arise  imly  wlieu  fjuinine  is  given, 
Tbe  action  of  c|uiuiuc  on  the  XTteras  is  the  subject  of  a  hirge  number 
of  BBf^ffloirs,  but  is  still  i|uite  uncertain.  Abortion  certainly  occurs 
imaflomilly  after  its  use  in  malaria,  while  in  other  cases  lulx)r  pains 
tiurbe  induced  by  quinine.  Many  physicians  use  it  during  kbor  if 
ihc  jwirw  cwiise  or  if  (hey  seem  to  he  too  weak  to  ex|iel  the  child.  But 
tiHiniims  iHfl'er  as  to  its  efficiency,  for  while  some  regard  it  as  the  most 
ttirfiil  iif  n*rae<lics  for  this  purpose,  others  have  found  it  to  fail  in  the 
ptat  majority  of  ca^es  and  regard  this  action  as  an  idiosyncrasy  oou- 
fiuKJ  to  a  small  proportion  of  individuals.  It  is  quite  impossible  to 
iUtp  hoM*  quinine  acts  here,  but  is  seems  most  likely  that  the  uterine 
mtBcIf  U  aftected  (liruotly. 

Id  Liie  Alimentary  Tract,  quinine  and  the  cinchona  preparations  act 
io  the  fiame  way  as  the  simple  bitters  (page  06).  Quinine  delays 
pwtftilysi^  in  experiments  in  artificial  digestion. 
Thcoonstant  offi'cts  of  quinine  on  the  MetaboUsnit  which  are  pro- 
i\  liy  quantities  of  the  drug  too  small  to  have  any  furtiier  action 
spt  in  specially  susceptible  individuals,  are  of  much  greater  interest 
and  iffl|Mtrtauec  than  the  symptoms  already  mentione<l.  This  alteration 
of  the  tissrie  changi:  occurs  thrrjughoiit  the  mammalia,  and  consists  in  a 
aarkwi  diminution  in  the  dc^trnctiMn  of  the  nitrogenous  constituents 
of  the  lissiios.  AfliT  the  administmtion  of  iiuinine,  the  nitrogen  in  the 
oriup  \s  found  at  first  slightly  augmented  for  a  few  hours,  but  then  un- 
dfcgwsi  a  diminution  of  considerable  extent,  due  to  a  restricteil  prodnc- 
liotiof  all  the  nitrogenous  constituents  of  the  urine,  but  especially  of  the 
Dfw  nml  uric  arid.  The  |>hospli.ites  and  sulphates  undergo  a  rorre- 
*I"tfKlirig  alteration,  but  all  metabolic  changes  are  not  atlected,  fnr 
the  ciritohic  acid  exhaled  and  the  oxygen  absorlj^-d  by  the  lungs  pre- 
«iil  tH>  marked  alt^'ratitm  in  amount,  sf>  that  the  oxidation  nf  the  tissues 
)t  l>e  said  to  l>e  alttTtnl,  but  t«nly  the  breaking  down  of  the  nitr^tge- 
boditw.  This  absence  of  effect  »m  the  oxidation  of  the  IxkIv  is  not 
*lnt  might  have  been  expected  from  the  experiments  of  Binz  and 
titlwnon  the  simpler  tissues,  for  these  showed  that  oxidation  of  all  kinds 
WM  ivtanlrd  by  quinine.  On  the  other  hand,  it  corresponds  with  Jao- 
^♦■■'  tiients  on  the  oxidizing  ferment  of  the  tissues,  and  hns  been 

ite*-  Ml  many  ol»servers  to  allow  of  any  doubt  as  to  its  correct- 

iWK.  in  the  case  of  several  other  drugs  the  diminution  of  the  urea  is 
<nn)pen.Miitt'<!  for  by  the  increase  in  the  other  nitrogenous  bodies  10 
the  urine,  but  the  fall  in  the  total  excretion  of  nitrog<'n  af\er  quinine 
jxtint!*  to  an  alteration  of  the  metalK^lism  of  the  Ixxly  in  general,  and 
i>"i  to  the  pundvsis  or  destruction  of  the  organs  which  change  the 
fip<  products  of  the  nitrogenous  metabolism  to  the  simpler  forms  in 
which  liiey  an-  finally  escretetl.  The  oxygen  absorl>ed  and  the  car- 
fiomc  add  excreted  by  the  tissues  arc  generally  held  to  measure  the 
iOf  work  done  and  heat  formtnl  by  the  muscular  and  other 
ita  of  the  iMtdy,  and  quiuine  therefore  does  not  stH*m  to  aflect 
fiUKiions,  while  it  would  appear  that  some  other  processes,  per- 
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Excretion. — Quinine  apjicars  in  the  urine  within  a  shurt  liiHc(W' 
niimitc:^)  after  ite  exhibition  hy  the  mouth,  and  alwut  one  half  of  (hf 
(luiuitity  absorbed  is  exert'ted  within  six  hours.     At\er  ihia  it  {*•« 
out  of  the  lx)dy  more  slowly,  and  traces  may  be  detected  in  tin*  iiriut 
seventy-two  hours  after  its  adminiHtration.     In  some  fevers  tiled- 
cretiou  is  said  to  be  considerably  retarded.     Kerner  found  that  wwnr 
of  the  quinine  alworbetl  was  partially  hydrated  in  tJie  tissues  mid  «• 
jcri'ted   as  dihydroxyl-qninine,  but  if  any  hucIi   ehange  i>ccurs.  it  cifl 
Pect  only  a  very  small  proportion  of  the  alkaloid,  as  over  nimHTper 
?nt.  of  that  ingested  has  been  recovered  unaltered  from  the  unuc.' 
Ofthe  Other  Cinchona  A13caloJds,quinidine  or  conquiDineresomblesquiiiiiit 
moHt  closely  in  its  od'ecl*;,  whioli  iiro  nomowhat  weaker,  however.    CinrW- 
nine,  while  very  niinihir  to  quinidinc  in  inorit  |)oints,  baa  same  tendenry  i*' 
pn>dueo  couvuLsiouB,  but  this  elTect  is  much  more  Uable  to  occur  iiiKler""- 
chunidine  whieh  save  for  ita  renemblance  in  other  feulurty  to  quiniiiv.nowW 
1)0  entitled  to  bo  chuwed  among  the  convulsive  poisons.      These  toumiI    i  ■ 
are  t»f  an  epili'ptiform  character,  and  are  only  prothiccd  by  vvty  largt'. 
but  Albcrtuni  discovered  that  even  »mull  quautities  ndiuinislertHl  loi'piltl'- 
tics  iuerca-**ed  the  number  of  the  attacks.      He  found  tliat  these  cpilei"iiform 
seizures  weie  tiot  preveiile*!  l)y  the  removal  of  the  cerebral  cortex  indoip.ii'''l 
that  the  irritnhiliiy  of  the  motor  areas  was  not  altere<i  by  clncbouidin'.N»n4 
therefore  coiuloded  that  the  poison  prochiced  these  symptoms  by  (wtiogu'l 
some  lower  tlivi.sioii   of  the  central  nervous  axis.     It  is  believed  bj'  m»nyt| 
however,  that  epilepUr  attacks  cjin  be  elicited  only  when  the  cerebral  i.-Dtirf, 
is  intact,  and  althniigh  no  resi!U>4  directly  opiKWod  to  those  of  Albcrtoni  ha^"*^ 
hcen  recorded,  the  question  must  atill  be  regarded  as  nn  open  one. 

In  other  respects  cinchonine  and  cinchonidine  ditler  from  quinine  ooly  *^1 
the  degree  ami  not  in  the  kind  of  their  action.  Cinchonamine  pua^esscfi  ■** 
even  more  marked  convulsant  action  thau  cinchonidine. 

The  eti'ects  of  the  other  alkaloids  have  not  been  the  subje<'t  of  mn  ' 
vejjtigiUion,  hut  (bey  seem  to  differ  from  quinine  chiefly  in  their  efi. 
the  eeulral  nervous  system.  These  are  not  entirely  absent  in  quinine  ll-^iJl 
for,  as  hx-t  I>een  stated  already,  the  reflex  irritability  is  at  lirst  incrcaseJ  VK^ 
then  diminished  in  both  frogs  and  mammals,  and  in  smne  cases  evencvn- 
vulsions  are  stated  to  huve  occurred  in  <iuiniue  poisoning,  although  ihcscBrt 
su  Hire  that  the  suspicion  is  aroused  timt  the  preparation  was  contaminalvd 
with  cinchonidine  mv  Anme  other  alkaloid. 

<'iuchoniiiine  srcins  the  most  poisomms  of  the  four  chief  alkaloids,  quimue 
following  next,  and  then  cinchonine  and  quiuidine. 

PaEPA  RATIONS. 

XJ,  8.  P. — Oinchona,  the  bark  of  Cinchona  caLisaya  and  of  C.  officinal^ 

and  of  hybrids  of  tliesc  and  of  other  species  of  Cinchona,  yielditig  nor  lesj 
th;in  'i  per  ceaL.  of  total  alkaloids  :ind  at  least  2.5  per  cent,  of  quiciinw. 

Cinchona  £ubra,  red  ciuctiouar  the  bark  of  Ciuchouu  suceiruora,  eoalaio- 
iiig  ut  Icutet  y  per  cent,  of  alkaloids. 

Fhii'lej'trnctum  f^'inrhomr,  4  c.c.  (I  fl.  dr.). 

TlN^TURA  C'lNCHON.E,    4-l't  C.C.  (1-4  fl.  dfS.). 

TlNiTrRA  CiscitoN.*:  t'oMPosiTA  ifl  the  ohly  prcfjaration  of  red  ciDcboaa, 
and  contains  in  iiddition  cerfM^utaria  and  bitter  orange  peel.  4-16  c.c,  (1-4 
fl.  drv.). 

These  prcpiinitions  of  cinehonu  were  fonnerly  nuich  more  in  voput-  thiiii  nt 
the  present  diiy,  in   which   they  have  been   replaced  for  nu>st  puriMiscs  by  tM 

'  Fiirtlicr  investigation  «>garding  the  fiile  of  qoinine  in  the  hurnftn  tiasues  u  desir- 
^}  \U'rkel  has  foB^j^l^t  M-'Vc-n-citrhths  of  that  ndinini^twil  to  do^  U  con- 

,,,,  <lizc<l  imd  ibfl^^H^taS  ^^Kbtb  undergcrtw  cxtenisive  chemical  chan^. 
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0.3-1  Q.  (^15  gre.) ;  to  be  increoaed  wbea 
uecenwiiry. 


4  0.0.(1 


]«(I&    They  are  still  prescribed  ulone  or  together  with  other  rcme^JJes 
chic  l>itt*'n*. 

(^niivr  ifydrobrom'uium, 
ijnxis.K  HYi>uorni,oRirnTM 

i^'mmr  Sulirijlfut  (LT.  8.  J*.), 

filnifnm  (/uiniinr  (U.  S.  P.), 

Fmiff  Quinuift  (Stroi,  0.3-O.G  G.  (.VIO  rt».). 

/KmV/  (/ttiniutP  atrrtA  .VVr/AiVw.  0.3-0.(1  O.  {.VIO  gre.). 

>Syrv;«j  Frrri,  Quitiiruz  et  iSirtjchnimt  Pho»p/iatum,    Kiuttofi*H  svrui> 
Int.), 

'U:w  Suipha.,       I  ^  ^    J.  ^       ^2,^ 

^nidma  Suiphttji,    )  «  (s      / 

;__.f  ^n",   Qttiitiwr  r/  Sfri/cftninrr  Phovj'fintum,  4  f.c.  {1  fl.  dr.). 

Ut</rrrifHm  Frrri,  (^umitue  d  i^rijchnin<r  finmji/i/i/um,  1  Cf.  (l-'i  mill'*.). 

B.  P.— Cinchona  Rnbrs  Oortez,  red  cim^hnna  Uirk,  the  dried  bark  of  the 
110(1  hranchvs  ot'  Ciuchoua  succirubni.     U  ouj;;ht  to  contain  5-*>  per 
of  totttl  alkaloids,  ul' which  ooc  hulf  should  uuasUt  of  quiaiuu  uud  ciu* 
i^oidiue. 

firfrae/iun  dnekotuK  Liquidumj  5  per  cent,  of  alkaloids,  5-15  rahis. 

TivarRA.  CiN'CUON.K.  I  per  ccut.  of  alkaloids,  J-1  11.  dr. 

TiscruttA  ClNOiioN.e  Cumpohita,  coutuiuiug  bilter  oruugo  pool,  aerpeu- 
Ur)  anil  oolorlug  mattorfl,  J-1  II.  dr. 

hjiisum  Ctrwhomr  Aeidtttnj  containing  aromatic  sulphuric  acid,  J-l  fl.  oz. 

^illXINJt  HVOROCHLORIDUM,  | 

^I'luntf  Hydrochloridum  Acidum,  ^  I-IO  grs. 

^'-■l.-nN.*;  HtTLPHAi4,  } 

TiKlura  Quittime,  formed  from  the  hydrochloride  and  flavored  with  orange, 
il  IL  dr. 
Tinriura  Quininw  Ammoninia^  formed  from  the  ^ulph&to,  j-l  fl.  dr. 
Vinun  (^uininic,  ^-1  tl.  oz. 
'Wii/d  <^ainiiue  Sulphatiit,  2-S  grs. 

fijfrftpujt  Fei'ri  Phwpbiiti«  cum  Quinina  ef  Strychninay  Kastoii's  syrup.     Kach 
B- lir.  (tiulaiuf*  *  gr.  urquiniuf  MtilphHt^*  uud  j^  gr.  of  slr>'chuiue.     i-1  fl.  dr. 
Fetriet  (^uininit:  Citrae^  6-lU  grs.     (Hee  Iron.) 

yHiuinc  in  practically  iRHnlul»li*  in  water  and  scvorul  of  its  salLs  nre  only  di»- 

»j'vH  M{Minn^ly.     T\ni^,   the  f*ulphut<.*   rcquirt-M   800  tiitict*  iUi    own    weight   of 

Wer,  Uic  hy<ln.H-hlonilc  35,  the  hydrubrojimti'  M,  juid  tlie  viileriiiiiate  1(M>.   The 

|»R'j»Tnv  «if  acid  iu  exceiw  renders  them  much  iimrt'  wtkitih',  and  the  mitl  hydro- 

rbJomlc  Lt  diitwlvtil   in   le»w  than  iU  own  weight  of  wiiter,  the  biHul|jbjitr  in   10 

puXK    They  all   fonn  cryMtrtllinc  panders  with   u  very  bitter   UwU-,  and  their 

•o/utions  iij  water  have  a  blue  fluorcwonee  when  sulphuric  acid  is  present.     The 

•eid  hydrochloride  and  the  hisulplmte  have  an  acid   reoictioD,  the  otherH  are 

srcitnil 

Th**  milpbato  of  quinine  Ip  the  salt  generally  |)rt'Kcribc<l,  althnu^d)  iIk-  hydro- 
i  !il'r>ri'  1^  more  wiluble  and  ought  t<i  be  preferred.     Tlie  hydnibromalc  uurJ  vale- 
tfe   c<jmparft(ively  sc'tdoni  uiwd.      Instead    of  llio  arid  wdLs  bi'inir  jire- 
Htme  Huiphuric  acid  or  hydnK^hloric  aciil  may  lie  onlered  to  In*  added  U> 
Lthr  neutral  saltH  in  order  U^  facilitfitc  their  sututiun. 

Thr  -cilt*  nf  quinine  are  frequently  given  in  the  form  of  pills,  cachets,  tablets, 
or  «*ii*nle«,  which  have  the  advanUige  of  av»)itling  the  bitter  taste,  but  fntm 
whirh  the  alkaloid  is  more  slowly  alworlaM]  thiin   fn»m  wihitions.     Care  iniiMt  1m» 
a  iht"  pill.-*  are  ooft  and  freshly  preiPiire<I,  iw  when  kept  f<ir  juiy  length 
ihey  Iteeoine  hard,  and  in  this  eauilition    fn-quently  paw  through  the 
ihporbe/I.     Tlic  saltj*  <»r  the  pure  nlkal'iid  may  :dso  lie  given  ji«  powlen*. 
kCr  iu  mjlution,  but  the»e  are  ubjt'cted  t>t  by  many  ]intients  on  atx'ount 
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of  the  bitter  taste.  When  a  rapid  absorption  is  desired,  solutions  should  be 
used,  flavored,  if  necessary,  with  syrup  and  volatile  oils.  Solutions  of  the  salts 
arc  occasionaily  injected  as  enemata,  but  are  liable  to  set  up  irritation  and  be 
rapidly  evacuated.  The  hypodermic  method  has  also  been  advised  in  cases  of 
emergency,  or  where  the  salt  cannot  be  retained  or  absorbed  from  the  stomach ; 
for  this  purpose  a  solution  of  the  hydrochlorate  with  hydrochloric  acid  in  excess 
or  of  the  sulphate  is  injected  deeply  into  the  muscular  tissue.  This  form  of 
medication  is  painful,  but  does  not  seem  to  induce  more  serious  results  if  ordi- 
nary care  is  used.  The  neutral  hydrochlorate  may  be  dissolved  in  hot  water 
and  injected  when  the  solution  reaches  body  temperature  with  leas  pain  than  is 
elicited  by  other  salts.  In  tiiis  way  about  two  parts  of  water  are  required  to 
dissolve  one  of  quinine.  The  addition  of  urea  to  the  solution  renders  it  less 
irritant.  Quinine  is  very  easily  dissolved  in  water  when  it  is  mixed  with  anti- 
pyrine  in  the  proportion  of  three  parts  of  quinine  to  two  of  antipyrine,  and  this 
solution  is  said  to  be  less  painful  when  it  is  injected  hypodermically  than  others. 
The  intraven(ms  injection  of  quinine  has  been  practised  by  Baccelli  with  success 
in  cases  of  pernicious  malaria.  He  uses  the  hydrochlorate  in  a  solution  of  com- 
mon salt  and  injects  into  one  of  the  veins  of  the  arm. 

Many  other  salts  of  quinine  have  been  proposed,  and  have  enjoyed  a  certain 
reputation  for  some  time.  Among  the  better  known  of  these  is  the  tannale, 
which  is  exceedingly  insoluble  and  almost  tasteless,  and  is  prescribed  in  powder 
in  doses  of  1-3  G.  Other  salts  which  have  been  recommended  are  the  tar- 
trate and  the  lactate.  Etupiinine  is  the  ethyl-ether  of  quinine-carbonic  acid 
(C0(0C,H5)(C)0„H„N,0))  and  is  said  to  possess  the  therapeutic  virtues  of  qui- 
nine without  its  nitter  taste  and  without  inducing  ringing  in  the  ears  and  other 
symptoms.  AriMochim  (CO(C„H„N,0)J  and  Chinaphenine  (CO(Nfl-  C,H/  OC,- 
H5)(()0„H  N,<)))  are  compounds  of  quinine  of  a  similar  nature  recently  intro- 
duced. All  three  preparations  are  prescribed  in  powder  or  tablets,  in  the  same 
dose  as  quinine. 

A  &mous  preparation  of  quinine  is  Warburg*  tincture,  which  has  been  exten- 
sively used  in  India  in  the  treatment  of  msJaria.  It  contained  a  very  large 
number  of  ingredients,  many  of  which  were  certainly  entirely  superfluous. 
Among  the  more  important  constituents  were  aloes,  rhubarb,  gentian,  camphor, 
and  various  volatile  oils ;  it  is  possible  t^at  some  of  these  nuiy  have  aided  the 
quinine  through  their  eflects  on  the  stomach.  Various  drugs,  such  as  capsicum 
and  piperine,  have  long  had  some  reputation  as  adjuvants  in  quinine  treatment 
for  a  similar  reason. 

The  other  alkaloids  have  been  used  occasionally  as  substitutes  for  quinine, 
but  have  somewhat  less  therapeutic  effect,  while  cinchonidine  is  more  liable  to 
produce  symptoms  of  poisoning.  They  might  all  be  dispensed  with,  withcmt 
loss  to  therapeutics. 

Quinoidine  and  quinetum  were  formerly  used  as  substitutes  for  quinine  at  a 
time  when  the  price  of  the  latter  was  very  high.  They  were  mixtures  of  the 
other  cinchona  alkaloids  and  have  &.llen  into  disuse. 

Therapeutic  Uses. — The  introduction  of  cinchona  into  therapeutics 
was  due  to  the  discovery  of  its  efficacy  in  ague  or  Malaria,  and  with 
growing  experience  in  the  disease  and  its  treatment,  the  confidence  in 
the  drug,  or  rather  in  its  chief  alkaloid,  has  constantly  increased,  until 
the  action  of  quinine  in  malaria  is  now  quoted  as  the  best  example  of 
a  specific  in  therapeutics.  The  explanation  of  its  action  has  only  been 
arrived  at  within  the  last  few  years  with  the  discovery  of  the  cause  of 
malaria,  the  plasmodium  malarire,  although  in  1868  Bins  suggested 
that  the  then  unknown  malarial  poison  was  probably  rendered  inert  by 
quinine.  The  plasmodium  belongs  to  the  group  of  protozoa,  and  in 
one  of  its  stages  conies  to  resemble  somewhat  the  amoeba,  on  which 
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Bifix  cx|ii'rimrated.  The  eflbct  i^i  nuinine  seems  similar  in  the  two 
iir^Qbins^  although  it  ia  probable  that  the  alkaloi<l  acl5  more  strongly 
00  tW  malarial  orpinism  in  the  bl^iod  thun  on  the  common  anirclia 
living  in  waUT ;  another  organism  closely  related  to  that  of  malaria 
ID(1  f>mml  in  the  bltMxl  of  birds  appears  ti»  l)c  nnafTectwl  bv  quinine. 
Wh'ii  t|uinine  ts  admini-^tered  to  a  patient  suffering  from  malaria,  the 
*iTpm.iiu  iu  the  blood  breaks  up  and  disappears,  leaving  only  a  few 
nvtre  n^sistnnt  forms;  these,  however,  may  cM)ntinue  to  gmw  and  mul- 
tiply nntil  they  caiwe  a  second  attack,  unless  the  treatment  be  continued 
aad  thf  surviving  organisms,  changing  into  less  resistant  forms,  are 
*lrfctp)nd  by  the  drug. 

In  a  drop  of  nmlan'al  blood  the  plasmodia  may  be  seen  in  active 
movemwit,  but  a  minute  drop  of  quinine  srjiution  jKiralyxes  and  kills 
<b*m,  exactly  as  it  kills  the  amrpba.  The  explauatiou  of  the  actitui  ol 
lUimutMin  malaria  lies  in  itaoffV-cti*  as  a  protoplasmic  jioison,  therefore, 
*f«icliikm  morr  Hinmgly  (spetntically)  on  the  lower  forms  of  life  timn 
o^thphiglK'r.and  cau  consetjuently  he  introduced  into  the  human  Ixnly 
*>l^  impunity  in  dt>>es  which  are  destructive  to  the  simpler  organisms 

Fio.  34. 


es: 


UsKchArl  In  a  CAM  of  inalMriK  Iu  which  qalnin)*  (10  ittb'd*)  wm  adnilniilAnd  in  tii«  third 
■  ibv  i«[D|)>nmturo  wb«  fiilllng.  On  iho  folluwing  daj  do  liftc  of  lemperature  ocvure. 
Ware  waa  ukan  every  Uiree  boun.     t  tH>cic. ) 


•iiirii  RMy  liavc  invoded  it.  Experienw  has  yh*>wn  that  {[iiinine 
b  Dioit  effective  when  it  can  act  immediately  after  the  jMiroxysnH 
"f  a(»uf^  and  this  is  now  explained  by  the  fact  that  the  organisms  are 
'»  tin-ir  least  renisiant  form  —  theamrelMiid  —  at  this  time.  If  quinine 
If  p'vHiAt  the  beginning  of  an  Jittaek,  sulhcient  will  remain  in  the  bhxHl 
»l>cn  the  tcm]iemture  begiiis  to  fall  to  tlcstmy  the  unpr<:»teetcd  s|)ores 
(^the  pataMite,  or  the  same  re^nult  may  be  obtained  by  a  dose  given  as 
tlii  Icmpersturc  begins  to  full  provided  the  drug  is  rapidly  absorlied. 
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as  is  oi-dinarily  the  case.    It  may  be  ordered  in  one  dose  of  abont  I  G. 
(15  grs.),  or  in  divided  doses  given  at  intervals  during  the  fall  of  tbt 
temperature.     Thirt  frequently  jireventsthe  next  attack,  hut  if  anvriiii 
of  temperature  occurs,  a  smaller  dose  should  he  administered.     M 
this  a  dose  of  I  (i.  shduld   l)e  given  every  six  dayw,  in  onler  tinfioKi 
plete  the  destruction  of  tlie  organisms  whieh  liave  developed  trnmi)»| 
resistiint  forms  left  alive   after  the   first   administration.     (Juiniwi* 
generally  administered  by  the  mouth  in  malaria,  but  its  iuteusviv  Wttrrfl 
taste  renders  tliis  treatment  disagreeable,  and  in  children  and  in  caw 
of  pernistent  vomiting  it  may  be  impossible;  in  such  eireumstaiicefl^ 
may  be  given  in  an  enema  or  suppository,  or  in  children  the  tastdon 
forms  may  be  employetl.     In  recent  years  good  resnlt.s  have  hwnol>- 
tained  by  the  hypodermic  method,  and   in  the  severe  form   known  m 
pernicious  malaria,  Baccelli  found  the  intravenous  injection  su|terirff 
to  auy  other  method  of  administration.     A  greait  d«il  of  weiglit  ffni 
formerly  laid  on  the  use  of  purgatives  and  emetics  as  preliminarit*  i" 
the  treatment  of  malaria  with  rpiinine,  and  the  former  are  undoublwik 
of  service  sometimes,  although    it  is  uuuecessary  to  delay  the  (jiiiQinc 
treatment  by  waiting  for  the  intestines  to  be  evacuated, 

(Quinine  is  used  not  only  as  a  remedy,  but  also  as  a  prophylartw 
against  malaria.  Its  value  for  this  pur|M>se  haft  Wn  attested  by  lt>Qg 
experience,  bat  there  is  still  no  unanimity  of  opinion  as  to  the  b«t 
method  of  adniliiistmtion  and  the  dose  required.  Plehu  found  tlffll 
one  gramme  of  the  sulphate  given  in  one  dose  every  seven  days  "fW 
sufficient  to  prevent  the  disease,  which  is  believed  to  have  an  inmil*- 
tion  period  of  a  week,  while  otliers  recommend  doses  of  0.1-(VJG* 
(2-3  grs.)  every  morning. 

One  of  the  results  of  quinine  meilication  in  early  cases  of  raalarlai* 
the   reduction  of  the  enlarged  spleen,  and  this   has   le<l  to  its  use  In 
other  Diseases  of  the  Spleen  witli  enlargement.     In  malaria  the  eOVct 
on  the  spleen  is  only  si'c(M»dary  to  the  removal  of  the  cjiose  of  thetlis- 
ease,  but  the  action  of  quinine  in  lessening  the  number  of  leucocvtn 
in  the  blood   might  explain   some  alteration   in   the  spleen.     In  some 
ejLse.s  of  leuwemic  enlargement  encouraging  resultjj  have  been  obtained 
from  the  continued  use  of  quinine. 

Various  other  Febrile  Oonditioas  have  been  treated  with  quiDine, 
partly  for  the  sake  of  it*  antipyretic  effects  and  partly  in  the  belief 
that  it  acts  as  an  antiseptic  in  ihe  blood.  As  regards  its  effect  on  the 
t+^mpcraltirc  in  nitti-niidarial  fever,  it  not  infrequently  causcsa  con- 
siderable fall^  and  has  the  advantage  of  |>ossessing  a  more  prolonged 
action  and  of  causing  loss  risk  ©f  depression  and  collapse  than  the  newer 
antipyretics.  On  the  tttlier  hand,  the  fever  is  not  re<lueed  so  rapidlT 
and  generally  not  to  the  same  extent  as  by  the  latter,  and  the  largie 
quantities  of  quinine  requtreil  art*  liable  to  cause  discomfort  from  their 
effiH.'ta  on  the  lirain  and  hearing.  Typhoid  fever,  scarlatina  and  other 
acute  pyrexias  are  sometimes  treated  with  quinine  for  this  effect.  The 
best  results  are  obtained  when  it  is  exhibited  in  maximal  dosc^  wheji 
the  temperature  is  falling  or  when  it  lias  been  temjwrarily  reduced  by 
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Ubcr  means,  such  as  cold  baths.  Perhaps,  however,  the  beneHoial  ac- 
don  <»f  t)nintae  in  those  cases  ought  to  be  measured  not  ho  much  by 
tl>c  mduction  of  the  body  temperature  as  by  tlie  lessened  destructloa 
of  the  tissues.  It  would  be  interesting  to  know  whetlwr  in  those 
€&!¥«  Id  whieh  quinine  treatment  is  successful,  the  nitrogen  of  the  urine 
I*  iliminiHhed  in  proportion  to,  or  in  exceas  of  the  fall  of  the  tempera- 
tttre.  In  general,  antipyriue  and  iU  allitM  have  succeeded  In  ousting 
ljuiiiiiic  fmm  its  former  position  as  the  best  of  the  antipyretics.  The 
B»  of  quinine  has  l>een  ret^ommL'uded  in  septirajmia^  largely  from  a 
Mit'f  in  its  antiseptic  action  in  the  blood.  In  this  connection  it  is  to 
W  n'marke<l  that  the  microbes  of  septic  fever  are  very  much  more 
1  to  the  action  of  (juinim^  outside  the  b(Mly  than  are  the  pro- 
,  iiid  the  question  therefore  arises  whether  the  blood  and  tissues 
not  liable  to  l)e  seriously  injured  by  the  qunntity  of  quinine  re- 
l  to  act  on  the  parasites  they  contain.  In  many  cases  of  septi- 
ia  in  whieh  beneficial  results  are  said  to  have  been  oi)tained  by  the 
of  (piinint.*,  the  quantity  administered  was  o\>viously  too  small  to 
vcany  effect  either  on  the  tempi-rature  or  on  th(^  microbes. 
Quinine  has  been  used  in  various  forms  of  Neuralgia  and  Headache, 
Mally  when  they  were  periodic  in  tlii-ir  apjK*;irau<'e,  and  goo<l  re- 
nave  been  obtained  in  these  ea^s  and  also  in  others  where  no 
prrioclicitv  cocdd  be  ol)served.  M:iny  of  these  were  certainly  not  of 
nulariul  origin,  and  no  explanation  of  the  action  of  quinine  here  has 
Wo  proposed.  Perhaps  the  lessened  formation  of  uric  acid  and  other 
isDnoas  products  may  be  suggested  as  a  possible  cause  of  the  im- 
veroent. 

The  tinrtnres  of  cinc;ljomi  are  often  prescribed  as  stomachic  bitters 
mJ  for  this  purpose  are  generally  fortified  by  preparations  of  nux 
TOtojca  or  rtf  the  simple  bitters. 

Quinine  has  been  advised  in  wliooping-oough,  hay  fever  and  ju- 

ftwna,  and  in  fact  is  regarded  by  many  as  a  specific  in  these  dist-ases, 

though  others  have  found  it  unreliable.      It  is  often  diflicult  tn  induce 

a  child  to  take  the  bitter  salts,  and  recourse  may  be  had  to  the  alka- 

iokf  ibself,  euquinine*  or  the  tannate  disguised  with  sugar  or  chocolate. 

The  use  of  a  solution  as  a  wash  for  tlie  nose  in  hay  lever  was  brought 

hito  |in.»minen(x*  by  IlelmholtZf  who  gained  relief  in  this  way,  but 

it  hstn  not  proved  very  efficacious.     The  local  use  of  quinine  stiln- 

lioos  and  of  ciudiona  prepanitions  is  also  advised  in  relaxed  throat 

(gargle^  and   in   gonorrhoea   (urethral   injection).     It   has   sometimes 

v.*en  used  as  an  antiM^ptic  externally,  but  is  too  expensive  for  ordi- 

usc. 

(j,uiDine  has  been  advised  as  an  ecbolic  to  increase  the  contractions 

the   uterus  during  lalxir.     This  was  suggested  by  the  observation 

i  in  malarial   regions,  abortion  occasionally  occurred  after  quinine, 

y  regnrd  this  as  tme  of  the  rarer  itiicisynerasies  rather  than  as 

►n  wliich  the  tbenq>eulic  use  of  the  drug  is  to  1k^  l)ascd.     At 

mmc  time  others  repi:trt  the  most  satisfactory   results  fnmi  the 

Dt  of  Uterine  inertia  with  one-gramme  do^es  uf  quiuiuc,  and  pre- 
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for  it  Ui  ergot  in  this  condition.    The  movements  of  the  uterus  indt-*^^ 
an;  siiid  to  Ikj  practiailly  identical  with  those  occurring  naturally. 

Contraindications. — Where  a  special  idiosyncrasy  exists,  quinine  XMJ^y 
be  unsuitable,  but  these  cases  are  far  rarer  than  is  generally  believe*"^' 
A  moderate  action  on  the  hearing,  for  example,  is  not  to  be  considei^^ 
a  contraindication,  although  in  those  cases  a  small  dose  is  often  founi^ 
Hufficient  in  malaria.     Where  an  inflammatory  condition  of  the  mem^ 
branes  of  the  ear  already  exists,  quinine  ought  to  be  administered  with 
eare,  or  avoided  entirely  if  possible.     The  addition  of  bromides  is 
often   found   to  lessen  or  remove  the  discomfort  arising  from  the  di»- 
ordered  hearing,  but  the  quantity  of  bromide  contained  in  the  hydro- 
bromate  of  quinine  is  insufficient  to  effect  this,  and  the  ordinary  potas- 
sium   salt   ought  therefore  to  be  prescribed.     Where  very  marked 
disturbance  of  the  digestion  exists,  quinine  is  often  liable  to  augment  it, 
owing  to  its  irritant  properties,  and  must  therefore  be  given  with  cau- 
tion   by  the  mouth,   or   perhaps,   is  better  applied   hypodermically. 
Ilicmoglobinuria  following  the  administration  of  quinine,  of  course, 
contraindicates  its  further  use.     Abortion  so  seldom  occurs  after  qui- 
nine that  ])regnancy  is  no  objection  to  its  administration.     In  general, 
it  may  be  statetl  that  quinine  is  often  credited  with  many  disadvan- 
tages which  it  does  uot  possess,  and  that  in  cases  of  malaria,  in  which 
it  in  practically  without  a  rival  or  substitute,  only  the  most  pronounced 
idiosyncrasy  can  justify  withholding  it.     In  other  cases,  as  in  septic 
fever,  it  may  be  a  question  whether  it  does  not  aggravate  the  condition 
when  it  is  administered  to  very  weak  patients. 
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Xnn.    THE  ANTIF7RETI0S.     (AOETANIUDE   AND 

ANTIFTRINE    SERIES.) 

The  antipyretics  are  a  very  recent  addition  to  therapeutics,  the  old- 

Bf  of  this  gtoup  now  in  use  dating  only  from  1884.     Up  to  1875  the 

oalrmmns  of  combating  high  temperature  were  baths,  vegetable  alkii- 

jtiids  siK'h  as  quinine  and  aconitine,  or  ulcoliolic  prepanitionfii,  but  in 

rear  Buss  discovered  that  salicylic  acid  produeeii  a  fall  in  the  fever 

ijK'niturf'y  and  soon   af\erward  carlxdic  acid  and  rcHoreiu  and  it8 

%ffDeis  were   intnKluced   as  antipyretics.     A   very  large  uumbt^r  of 

antipyn'tics  luive  been  introchice<l  sincn*  that   time,  but  mont  of  tliem 

iare  had   only  a   tompurary  vogue,  and   tlio&e  in  general   use  at  the 

pnwnt  time  are  oumparatively  limited  in  numljcr. 


Qttiiiine  U  u  qiiinoline  derivftlive,  oiul   quinolitu*   iti^i'lf,  iu<  well  a»  scmie  of  it« 

niiiidf-r  ci>m|Htund-(,  wvm  uuioii^  the  earlior  aiitipyrt'tUs  »u>;gesttd.      </uinofine 

*«ti«  iMMtii   fiiand   U*  be  daugerous  fn>m  it»>  pruducing  culla])M>,  but  iU 

Ti  A'trinW   (C,U  (OH)N  —  i\H^,  Kairoline  {(\H,(Cn,)(OH)MI)  and 

i.^J^ijif  (C,H,t<X'H,)N>r)  were  n»cd  exUnmiviIy,  Althau^b  they  have  now  Iweu 

list  fiitirvly  abiiudutied.      In  fUct    the    only  quiiiotine  bo<)ieH   now    ii.«ed    u 

>y relics  HTO  ji/Mi/j/CT  aiid  Thenni/ugine,  which  aro  still  prescribed  to  a  lim* 

r  AJiUpyrrtio  wiis  introdiu-ed  in    I8H4   under  the  name  of  Antipyrine, 

derived    froui   phenylhydrazine,  und   ha»*  pntved  superior  to  nil  nl'  the 

drags.      PH^iylhytlrfuinc  (C^Hj  —  Nil  —  NH.)  produces  a   full    in    the 

!yer  Uropi^raturr,  but  thiii  i^  fn-quently  aceoiupiuiied  by  collapse  and  changes 

htiHMl,  which  prevents  StH  use  in  medicine.     Several  of  the  jdrnpler  com- 

ih«,    ?ueh    aw   fS/rotliue  (neotylphonylliydruxine)  and  Antithmninf  (phenyl- 

ine  and  lu«vuiinic  ucidj,  have    received  a  more  or  lesa  cxtenj*ive  trial  aa 

(yn'lic*,   bat  luive   proved    cbtngerouM  and    inferior  to  Anti^ii/rinf,   phenyl- 

lylpynusidon,    O.H^  -  N  <^^|""^~  CH  "*^-     '^^^  latter  i»  miU  very 

k^^ly  Dfkod  a«  an  antipyretic,  either   in   it»  original   form  or  n»  a  con^ititucnt 

»f  Dunirrviui  conibinationH  which  have  been  intnnluced  of  hite  years.     Among 

tlHve  may  be  mentioned  Rtrsopyriiw  (retujrcin  anri  aniipyrine),  I/ifpnal  (chloral 

mnA  antipyrine),  SatiptfriM  (salicylic  acid  and  untipyrine). 

k      Aifttpyrioe  early  found  a  rival   in    Antifebrine  or  Acetanilide,  which  was 

^L«lYi*««l  a*  an  antipyretic  in    IHHti  by  Cabn  Hud    Hipp.      Anifinr  {i\\l^S\i), 

^^^|p>  '.\  in  derived,  h:iH  a\Mt   toinie  action   on   the   tenipemture,    but  like 

^Hfci,  .  ne  pnMluces  dangerouK    colIapKt>   and   de^^truction    of    the    blotxl 

^^•iU      A-..'ariilido  (C.HjNHC\)CHJ,    the    fin*t  of  it*  derivalivpM  to  K-  intn^ 

4anrd,  i»  not  entirely  devoid  of  thii*  poisonfmi*  action,  and  ban  been  KUpplnntetl 

te  »  ':dile  rxti^nt  by  more  complex   and  less  poisououj*  b^nlies.     (Ine  of 

tbe*-  •>-  (C.H^SCHjCOCH,^,  differs  fmm  antifebrine  only  in  poweming 

m,  ■»•  ip  in  the  i*ide  chain,  and  seems*  to  resemble  it  clr»«ely  in  itM  effecti*. 

Aa(-  ■  h  enjoyed  a  jdiort  trial  is  BenzonilifU  {C,HjNHC,Hj(,)),  in  which 

tt»   acfiyi   ntdicle  of  antifebrine  i»   replace*!   by  benzoyl.      It  wa.^  wjon  found 

IliiHh  aniline  and  antifebrine  underwent  a  partial  oxidation  in   the  body, 
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witli  llu'  I'ornitttioii  of  aniidupbi'nol  or  its  derivatives,  luid  the  brlicf  thdt  tlur 
(intipyrt-tic  cflect*  wero  due  not  wj  much  to  the  original  »ubsttiiu'v  m  lii  llio* 
oxidHtiuii   |>r(H)uct«  led   to   the  introdm-tion   of  muueroiu  derivativAi  of  yti- 

miiidophonol   (*^«H,<Cx-fi  ).     This  Ixidy  hae  antipyn^tii-  |tro|K.Ttiet«  hulHiilfi'n 

uiuliT  thi' fjuue  dUiKlvitutu^es  aM  anilirit;.  Amoti^  \\»  derirativt>?>  the  iiiimI  «at- 
ip.fii(*t4tn'  anii]»yrcticj*  aro  ibo«e  in  which  tho  hydn>jj:('n  ol"  th**  hvilroxyl  itmlr- 
fllitutod  by  uii  ulkyl,  wbile  an  acid  nidicle  in  nddoil  Ut  the  amidivradidr.    Tbr 

whirh  diiriT!*  from  nntiCfbrino  only  in  the  addition  of  cthoxyl  in  the  |mra  \>m- 
iion.  Mefhtin-tinf,  which  resembles  pboniuTfline  in  nil  point**  wivi*  in  luitbosf^ 
boiuK  Hubstitutc'd  for  clhoxyl,  appeared  al«mt  the  !*uiiie  time.  Pheujiolinc  *a# 
fimiKl  to  bo  much  U^^tA  dan^croui*  than  acetjinilidc  and  anlipyrine,  and  Iiiih  tluii*- 
fore  been  larpely  Ui*ed,  and  haa  been  foUowcri  by  other  bodies  wliicU  an*  identKiil 
witli  it,  oxcopt  in  the  acid  radiclo  attaclied  to  the  uitro^n.  Among  ilMse 
phenetidini'.**  may  be  mehtionoil  Ijurhphfttittf  \ lactyl-i>henptidine!,  M'iMktM 
(salicyl-pbcnctidinci  and  Sft/ip/im  and  .S'/«y'A''«,  which  eouLuiu  nniibir  con^ilAi- 
enUi,  AfM'/ifnirtf  and  Ctfrftphrn  (citryl-pheneti<Iine),  A'rt/ojinr  {iuet1iyli;ly>*<'Uio 
plienetidiiic)  and  i'hrnf*coll  (glycoeoll-phenetidine),  with  it*  eoint-H>uud  with 
fMib'cylic  atrid,  StiloruU.  %  t 

8c'venil  un'tbtine  derivatives  have  also  reeeivod  a  trial  as  antipyretic*.  am<»n^ 
them  twiner  Eupknrinr  (phenylurethane),  which  is  somewhat  poitainrm.-*,  how- 
ever, V^rmoiiinr  (phenHeetine-urethane)  and  Seurodine  (acctoxyphcnyl-ure- 
thiine). 

With  the  exception  of  antipyrine  ami  the  qiiinoline  compounds,  all 
the  aotipyretioa  at  present  in  use  probably  owe  their  activity  to  the 
forrantidu  of  simple  derivatives  of  paramidophenol  in  the  tissues, 
and  differ  chiefly  in  the  rapidity  with  wlurh  tiiin  deeompiwltion  occurs. 
A  rapid  formation  of  pararaidophenol  produces  destructive  hIot»d 
changes  and  a  tendency  to  collapse,  while  the  antipyretic  effects  pasa 
off  very  rapidly.  Those  drugs  arc  found  the  niosl  satisfactory  anti- 
pyretics in  which  the  decomposition  procceils  gradually  so  that  the 
temperature  falls  slowly  and  n;m:iins  low  for  a  longer  time.  The  sim- 
pler antipyretics,  such  as  autifebrine,  have  given  way  largely  tbrrefore 
to  the  phenetidine  compounds.^  Among  these  it  is  impossible  to  deter- 
mine the  most  suitable  antipyretic.  The  question  is  a  purely  clinical 
one,  and  these  drugs  arc  thrown  on  the  market  in  such  pr4)fusion  nt 
the  present  time  that  clinical  observers  are  unable  to  comjMire  their 
effects  satisfactorily,  and  in  many  coses  seem  satLstied  to  us<i  one  ex- , 
clusively.  Where  the  merits  scom  so  equally  divided,  it  is  perha|)s  more 
imp4irtant  to  learn  to  use  one  of  tbi*m  with  judgment  than  to  hurry 
after  each  new  product  without  sufficient  experience  of  its  pre<lo(!egsor. 

Symptoms.  —  The  most  interesting  effect  of  these  drugs  is  the  de- 
pression of  the  body  temperature  in  fever,  and  in  many  other  respects 
their  action  is  not  very  definitely  known  at  present.  They  are  hy  no 
means  very  |>oi?*onous,  normal  animals  showing  no  reactictn  to  iloses 
which  are  suftieicnt  to  cause  marked  changes  in  fever.  In  the  frog, 
Antipyrine  causes  an  increaae  in  the  reflex  irritability,  which  somctituos 

'  For  a  detniJed  discussion  of  these  principles  see  V.  Ma-ivrj,  Thernp.  ^fonntf-H. 
X893,  p.  577,  and  Uimfienj  *t  JWupel,  Arch.  f.  exp.  Path.  u.  Phnnn.,  xxxiit.,  p.  210. 
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liwjtt  U»  (irtuni<?  convulsions  and  is  followed  by  <lei)r€Ksion,  low*  of  the 
wltuitar.-  uiovemoiiti*,  ai»l  eventually  l>v  comitli^e  jninilvhi!-  and  death. 
Inmammuls,  itj*  injection  is  followeil  at  first  by  a  period  of  quiet  and 
lOflu-times  of  somnolenco,  which  is  said  by  some  authnrs  to  ot-cur  also 
ia  tin!  fmg  previous  to  tlie  increa.se  in  the  reHex  irritability.  iSome 
n>#  in  the  retlex  irritability  utay  be  made  out  in  the  mammal  ut  thist 
fUp ,  and  larp?  dow:'s  cau«e  convulsions  and  tremors,  and  subsequently 
micuaK-'ioiMnLtiji  and  collapse,  ending  in  complete  parnlysis.  The  pulse 
I- 3iiH;Ii*rated  by  small  doses,  while  in  the  later  stages  of  poisoning  it 
way  be  sJow,  and  some  dilatation  of  the  skin  vessels  and  flushing  have 
tttfl  olwerved.  The  respiration  is  at  first  aeeelerated,  an*l  then  be- 
flimw  slow  and  irregular  when  large  doses  are  injected.  Jn  dogs, 
TOuitifl);  and  dilatation  of  the  pupil  genendly  occur. 

Aotifebrine  is  more  poisonous  than  anlipyrine  in   both  frogs  and 

maramaU,  but  resembles  it  in  its  general  effects,  producing  first  a  more 

er)i*8tnnrked  stage  of  lessened  aelivity,  followed  by  c<mvulsive  move- 

The  respiration  is  not  so  much  acceleratecl  as  by  antipyrine, 

>rding  to  some  observers,  is  slow  from  the  l>eginning  of  the  ac- 

tiotL    The  lieart  is  first  accelerated  and  then  slow  and  irregular,  and 

wuwMin  ami  eollap*Te  ai*e  more  fr<HjUcutly  observed  than  under  anti- 

prrine.     Phenacetine  and  its  allies  are  much  less  poisonous  than  the 

twofiin-going,  but  iii  large  (piantities  produce  almost  identical  efiw^ta  — 

•oniDoleoot?  followed  by  convulsions,  cyanosis  and  collapse  symptoms, 

fiwl  rapid,  then  slow  respiration  and  heart,     Analgen,  which  may  be 

im  a  tyiK*  of  the  quinoline  derivatives,  acts  in  a  very  similar  way 

then*,  ami   is  n»ore  toxic  than  phenacetine,  and,  according  to 

writers,  than  autipynne.     Some   depression  of  the  sptmtnneouM 

»ovrnH-nts  and  of  the  reflexes  is  described  as  following  its  adminis- 

tntiou  to  mamnmis,  and  large  doses  produce  convulsions  and  cyanosis. 

LBCtophBBine  is  said  to  have  a  m<»re  sedative  efl'ect  than  the  other  an- 

dprretics,  and  to  induce  complete  narcosis  in  the  rabbit. 

The  Effects  of  the  antipyretics  in  Man  vary  exceedingly,  not  only 
with  the  d4>se  but  with  the  individual  patient.  Many  |)erson8  can  take 
very  hirge  doses  without  apparent  eflect,  while  in  others  comparatively 
lie  quantities  prfxlnce  symptoms  of  gn^ateror  less  im]>ortauce.  The 
iU  are  not  always  the  same  even  iu  one  individual  under  tJie 
dose  of  the  antipyretic,  and  it  is  impossible  to  state  at  present 
^vhst  arp  the  conditions  tlrnt  involve  the  |>eculiar  tniin  of  sym|>tom8. 
Ha  Vrry  large  numU^  of  disonlers  have  been  attributed  to  the  anti- 
^hiBi*r  i.xn,  but  it  is  impossible  to  consider  any  here  except  those 

^^Ht  I   nly  oliservcd.     Among  these  are  skin  tntjttiottit  of  various 

iina»>  »uch  as  retl,  erythematous,  itching  patches  or  more  widely  dif- 
tmtd  hyperemia  resembling  the  onset  of  measles  or  scarlatina  ;  urti- 
ow-nr*  not  un^immonly,  while  eczema  and  bulla?  are  rarer.  In 
CAMS  an  cedematous  swelling  has  lieen  observed.  Some  ftrer 
^tonally  aiH-otupauies  the  eruption  and  renders  the  diagnosis  from 
iniectiouB  exauthemata  even  more  difficult.     These  skin  a^ections 
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quuntitic:'.     Tins  a<Ttion  i»  maniiWted  especially  by  the  Bimplcr 
of  tlic  scric«,  and  is  still   more  marked   in   poifiunin^  fnim  n\ 
phenylhydrazinp,  |>animi(i<tph«'nf)l  or  qiiinoline.      On   tliu  otluT 
most  of  tiie  phenclidiiK'  wmi|K»uiKl.-  prtnluoe  it  much   mon*  mMyj 
antipyrine  seems-  devoid  of  this  action.     The  altcratiim  rftiisists  Jn  t! 
formation  of  methffimoglt)bin,  which  may  be  readily   detected  bj 
characteristic  spectrusoopic  appearance.     Small  quantities  of  the 
pyretics  cause  its  formation  within  the  bloo<i-oella,  which  remain  inl 
hut  larger  doses,  especially  of  the  more  poisonous  iru'mber^,  destroy  tin- 
retl  bloo<l  cells  and  free  the  methiemoglobin  in  the   pla^^ma.     In  (lie  I 
blood  various  distorted,  shrunken  red  cells  may  be  observed,  ofton  cD-  i 
tirely  devoid  of  coloring  matter,  while  part  of  the  methiemoglohin  stvins  I 
to  escape  through  the  kidneys,  and  nephritis  occurs  in  some  cases  with 
albumin,  hiemoglobiu  and  even  blmnl  in  the  urine.     This  effect  on  t(>e 
blood  seems  due  to  the  decomposition  of  the  antipyretics  and  the  fli*iJ- 
ing  of  the  tissues  with  pammidophenol,  or  the  corresponding  (juim 
derivative.     This  decomposition  proceeds  more  slowly  in   phem 
and  its  allies  and  is  absent  after  antipyrine,  which  exphiins  the  rarit]( 
the  symptoms  a(\er  thcjie  drugs.     When  the  antipyretics  an?  a(ld( 
blood  outside  the  body  no  raetlucmoglobin   is   formed.      WherbertW 
simpler  bodies,  such  as  paramidophenol,  are  equally  inert  in  ilie 
tube  is  unknown. 

All  of  the  antipyretics  have  some  Antiseptic  action,  which  variwliT 
the  different  members  with  their  solubility  and  stability.      Antipvriit* 
is  found  to  preserve  blood  from  putrefaction  for  some  duvs  when 
to  it  so  as  to  form  a  solution  of   2—5  per  cent.     Watery  solul 
of  this  strength    destroy    protozoa  and    stop  the  movements  of 
leucocytes,  but  antipyretics  administered  to  the   higher  animals 
no  such  effect  on  the  emigration  of  the  leucocytes  from  the  vessels 
seen  under  quinine. 

The  action  of  the  antipyretics  on  the  Metabolism  of  healtliv 
and  animals  has  liecn  the  subject  of  a  Tiiiinlx^r  of  investigations  w 
have  given  by  no  means  uniform  results,  esptx-ially  in  regard  to 
nitrogen  elimination.  Aiifijii/riae  has  nc»  influence,  or  only  an  insij 
leant  one,  on  the  metiilxjlism  of  the  healthy  tissues,  whetlier  thi 
measure<l  by  the  nitrogenous  excretion  or  by  the  gaseous  excbai 
the  lungs. 

Aidlfrhrinc^  on  the  other  hand,  has  a  distinct  pffect  on  the  nitrogm 
eliminated,  although  this  is  only  elicited  by  lai^  dt^es.  After 
nary  quantities  the  urea  and  total  nitrogen  of  the  urine  mi 
slightly  augmentc<l,  but  in  large  doses  antifebrine  causes  an  im 
of  30— :jr>  per  rent,  in  these,  which  indicates  a  large  incresiso  in  lb 
tissue  waste.  'I'hc  othn-  aidipyrtiivx  have  not  been  examine»i  S4»  care 
fully.  Tlmiline  is  saiil  by  Kumagawa  to  increase  the  nitmgen 
nateii  like  antifebrine,  while  some  others  have  been  said  to  U 
metabolism  in  hejdili,  but  these  statements  rtHpiire  confirmation. 
regai*d.s  the  o.\iclation   in  the  tissues  as  measuix'd  by   the  ejcdi 
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in  the  lunjp*,  l!ip  antipyn^tios  liavc  not  been  shnwn  to  have  any 
trl  in  hcahliy  auinuilH, 

Tbf  exrrt'titin  <il'  uric  aciil  nndrr  ihc  antipyretics  has  al^)  ln'cn  the 
\>ject  ol*  n.'j»eatrtl  examination,  hut  no  (leHnitt*  change  has  \>wn  found 
i  be  induced  hy  them.  Tlie  glycogen  of  the  liver  an<I  muHcle  is 
uTKa-^il  by  antii>yrine  according  to  a  recent  statoniont  of  Ix'pino  and 
*(trten't,  and  Iwannlf  has  dp?icribed  some  (tb-seure  chanj^a  in  tlie  liver 
DelU  \jf  the  frog  under  untlpyrinu. 

The  e-ppcitic  effects  of  the  antipyretics  on  the  Temperature,  while  rec- 
Dgotsed  by  ul),  have  been  the  subject  of  endless  discussioD}  owing  to 
iScfYimplex  mechanism  through  which  they  are  elicited.  In  the  nor- 
auiujal  the  tein|K'rature  is  but  little  ultered,  except  by  doses  large 
(Wkiu^li  to  produtM;  collapse,  but  wlien  it  Js  abnormally  high,  as  in  fever, 
tlie  antipyretics  cause  a  fall  of  greater  or  less  extent.  This  fall  in  tem- 
penture  occurs  at  varying  intervals  after  the  ingestion  of  tlie  drug,  but, 
K(!cpt  in  refractory  cases,  always  begins  within  2-3  hours.  Its  extent 
Tunes,  the  tempeniturc  sometimes  reaching  the  normal  or  even  a  sub- 
normal point,  while  in  others  the  change  is  insignificant.  Continuous 
fcvpr  without  any  natural  rise  and  fall  is  much  less  affected,  as  a 
gmeral  rule,  than  cue  with  alternate  rise  and  fall  of  U»e  tem|«Tature, 
«kI  in  the  latter  form  the  result  is  much  greater  if  the  drug  be  given 
St  the  U'ginning  of  one  of  the  natunil    remissions. 

The  fall  in  temperature  is  often  accompauieU  hy  flushing  of  the  skin 
»Dd  perspinition.  The  oxygen  absorbefl  and  the  cuirbonic  acid  excreted 
we  li^^sened,  and  the  urt»a  and  nitrogen  of  the  urine  are  also  dimin- 
^M  after  antipyrine,  while  they  are  not  infrequently  increased  after 
aatift'lirine,  especially  when  administered  in  hirge  quantities.  The 
liBirt  is  often  reduced  in  rate,  and  the  pulse  improves  in  atrength,  but 
ll»iso  changes  are  due  to  the  fall  in  the  temperature  and  not  to  the 
wreci  action  of  the  drugs.  Some  remedies  owe  their  antipyretics  prop- 
•rtipn  fo  their  increasing  the  secretion  of  the  sweat  ghvnds,  Uul  although 
f*'^f)imtion  not  infretpiently  occurs  during  the  fall  of  temperature  under 
«*uew  ttutipyn-tics,  this  is  merely  a  secondary  result  here,  for  when 
tw  perspiration  is  checked  by  atropine  or  agaricin,  the  fall  of  tempera- 
^rp  priicwnis  uninterruptedly. 

fJiP  temperature  in  healthy  warm-bhK>ded  unirnalH  is  kept  uniform 

mm^h  a  lialanee  l>eing  establishetl  Wtvveen  the  heat  formation  and  its 

fliafiipation  thmugh  the  lungs,  skin  and  other  (vrgans.      If  an  exct»ssive 

fortnation  occurs,  as  during  muscular  exertion,  this  is  counterbalanced 

''7  an  iu<'re*Tse  in  the  output  from  the  skin  through  the  dilation  of  the 

vessels  and   by  the  perspiration.     If,  on  tlie  other  hand,  more  heat  is 

dissipiited  than  usual  through  exposure  to  cold,  the  combustion  of  the 

ti#ues  is  increaM'd  and   more  h*.'at  is  formed.     The  output  of  heat  is 

\buH  dpterraiDed  by  the  degree  of  dilatation  of  the  cutaneous  vessels  and 

he  activity  of  the  sweat  glands,  whih'  the  amount  of  heat  formed  varies 

the  voluntary  and   involuntary  contractions  of  tlie  muscles.     In 

to  preserve  a  balance  between  these  two  factors,  there  must  exist 
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a  coordinating  mechanism^  aud  this  'ma  HUppfK^il  tti  be  lur^U 
basal  ganglia  of  the  cerebrum,  in  the  region  of  the  corpus  striatuH 
Lesions  In  this  ueighlwrhowl  generally  caiuae  a  very  marko<2  i" 
tempemture,  often  without  further  disturbance,  and  it  is  of  ii 
learn  that  as  long  as  the  cerebrum  Ls  intact,  shivering  is  pro(i(iwJ  lir 
cold,  while  ader  the  section  of  the  peduncles  the  auiuial  ofiV-i 
resistance  to  a  fall  of  temperature  produced  by  cooling  of  the  siii 

Other  facts  might  also  l>e  adduced  to  show  that  in  the  normal 
raal  tl»e  temperature  is  kept  uniform,  by  this  courdiaating  meelmni-im, 
which  controls  l)oth  the  output  of  heat  through  the  skin  and  iu  kt- 
mution  by  the  contractions  of  the  skeletal  muscles.  In  many  indi- 
viduals this  coordination  is  not  perfect  in  health,  and  in  all  it  niay  Iw 
disorganize*!  by  poisons,  such  as  those  formed  in  fever.  The  mow 
perfect  the  cooi-diuatiou,  the  smaller  is  the  divergence  from  the  tmniul 
temperature  necessary  to  elicit  a  protective  increase  in  the  oomhustino 
or  in  the  dissipation.  The  efficiency  of  the  mechanism  may  tliLrvf(>re 
be  measured  by  observing  what  fall  of  the  body  temperature  ocmirt 
before  shivering  sets  in,  what  rise  produces  dilation  of  the  rutiinwO' 
vessels  and  i)erspir:itiou.  \\\  this  way  it  has  been  found  that  dtirinf 
fever  the  coordination  is  quite  as  perfect  as  in  health,  but  that  the  pK 
tective  reactions  are  induce<l  at  a  higher  temperature.  Thus,  Richt4 
found  that  a  normal  dog  (temperature  38.6°  C.)  protected  it«elf  b 
shivering  when  \U  temperature  was  reduced  by  cold  to  37.9^,  whij 
pnjfuse  p;rspira.tit>ri  l)n>ke  out  when  its  temperature  was  raided  t 
39.1*.  The  same  dog  suffering  from  fever  (temperature  40.4"  C 
reacted  by  shivering  when  its  temperature  was  rwluced  to  40.2°  an 
by  |)crspi ration  when  it  rose  to  40.9°.  The  coordination  is  not  d« 
stroyed  or  pandyxed  by  fever  therefore,  for  it  is  in  this  case  moi 
sensitive  to  altemtious  of  tiie  body  temp(*rature  than  in  the  nornu 
animal.  The  same  measures  are  taken  to  preserve  a  uniform  tempe 
ature  as  in  health,  but  the  temperature  maintained  by  these  mean^ 
higher.  If  a  o<un|*nrison  be  made  with  the  thermostat  of  the  labor 
tory,  it  may  be  said  th.it  in  fever  the  mechanism  is  **set"  for  a  high 
temperature  than  in  nonnal  life,  but  tlrnt  the  apimratus  acts  efficient 
for  each  temperature.  This  higher  temperature  is  maintained  by  i 
increased  metabolism  or  heat  formation,  and  also  in  most  cases  by 
lessened  disHipatiou.  The  fever  tempenUure  itself  seems  to  inereai 
the  metabolism,  the  tissues  undergoing  more  rapid  waste  under  it  tbi 
in  normal  wjiulitions,'  ^ 

The  frrst  explanation  of  the  antipyretic  action  of  this  seric^f 
that  they  lessened  the  metalxjllsm  in  the  same  way  as  quinine,  in* 
thus  le-ssened  the  heat  production.  This  view  was  suggested  l)y  th 
fiict  that  sunn;  of  tlu-ra,  such  as  kairine  and  thalline,  arc  derivativtsoi 
fininotinc,  like  (juinine,  and  it  was  supj^Rirted  by  the  observation  that  lU 

'  II  must  nnt  be  supposed  fmni  the  forefirning  statements  thai  fever  consiftlfl  ooly 
an  alteration  of  the  nurnuil  teni|>enitnrc.      TKis  i.n  itii]  v  one  uf  tbi>  syniptoma  nioduc 
by  tlu'  p<jison8  of  fever,  but  U  the  only  one  atlt»cted  by  the  autipyratic*. 


ACETASfUDE  AND  ANTIPYRWR  SERIES. 


:n7 


fipen  eKntinittrd  aud  tlio  oxyji^cn  nhsorhcfl  wlti-  mlin'til  in  amount 
t*^"  their  action  in  fever,  and  by  a  series  of  t^alorimetric  experimenti*  in 
^«r  liifli  it  uppenred  that  tliO  oiitptit  of  Jieat  was  lesseneii  by  tlirir  nse. 
Tliix  explanation  has  of  late  years  been  abandoned  by  the  great  ma- 
jority o^  the  invctstigators  of  the  subject.  Tlie  lensened  tissue  wa^le 
^^%'  liiflt  is  oljservcil  under  the  action  of  the  antipyretir*s  in  fever  is  not 
d  BJi^  to  their  direct  action  on  the  tissues,  but  to  the  fall  of  tem|KTatun^, 
fc  l^w*  melalxjlism  proceediug  more  sh>\vly  wheu  the  Iicat  is  rcductHl. 
K  tf"  tbcy  acted  on  the  tissues  directly  in  fever,  they  would  have  a  ftimilar 
«*fie<!t  in  health  (cf.  (juiniuc),  whereas  antipyrlnc  has  no  appn^ciable 
ictfTt-ct  here,  and  antifebriue  actually  increases  tissue  waste. 

The  earlier  experiments  in  which  tlie  dissipation  of  heat  was 
n»eBiure<l  directly  by  the  calorimeter  indicated  that  it  was  lesseneil 
l>^lhp  antipyretics,  in  fever, 

'•w'liile   the    results   varied   in  ^o*  36. 

ft>«alLli.        Renewed     investi- 

S*(^&     ^'ith     more     atten- 

tittn  to  detail    and   with   im- 

K»rovfd  apparatus  have  shown, 

However,  that  the  dissipation 

<*^  li^at  in  fever  is  much  in- 

«^  iLSjued    by   the   antipyretics, 

^•"liiV  in  health  they  si-em  to 

•*ave  little  effect.     This  aug- 

►<?niation    in    the   output   is 

»»e  to  dilatation  of   the    cu- 

Ln«>oiis  vesr^ls,  which  exp<;ises 

l«rg«  amount   of  blood  to 

cold  air.     The  dilatation 

?**  ^Tcnt  cuough  to  be  recorded 

^^y      the    plethyHmograph     in 

^**»iv  cases,  wliile    in    others 

^^*«»luDg  of  the  skin  may  be      ^      ^  p  b 

:rd.     The  increased  dis- 
tion    of   heat    is    aceom- 
rtieil  by  a  lessened  formation 
Hich,  however,  is  much  less 
»*  f M»nant  and  which  is  gener- 
al! >•  ntlribiite*!  to  the  metab- 
^li>«m  proc-eoding  less  actively 
*t   the  lower  temperature.     In 

^^H«  wordH,  the  antipyretics  reduce  the  temperature  by  increasing 

^k»«  OQtpiit  of  heat,  an<l  the  cells  of  tlie   Ixidy   grow  and   change 

when   removi-*!   fnim   the   hot-house  temperature   to  which   they 

tvc  been   exjM»se<l   previously.      It   must   be  added,    however,    lliat 

wmw  «b«cr%-ers  hold  tluit  the  fall   in  htrat  formation  is  loo  great  to  Ix* 

cxplaiued  in  this  way,  aud  sup^xisc  that  the  autipyretios  lessen  the 


Diignuti  \n  niartr»i«then'l»tloobrtir«n  lh<w»nnth 
mitpiii  ftri'l  the  Inloroal  tfttniwimtiire.  Th<»  iiiibmknn 
Hnfr^prt'sontt  the  change!  lu  the  wMniilli  ..iiIiihI.« 'n.h 
1*  Mllinntcd  Bt  dtfff'rrnl  tlmm  b?  DH'atiit>  .:lit 

uf  thl«  lltie  rmui  ttie  alaolMA  ^ff-     Thr  ii 

IhHl  i»r  tlir  inlfrii«l  Lemporfttura.    A  io  h  ■'  11 

■n  Injiirf  of  the  brain  fTHi»M  a  niarkeii  U.I  tu  i!tv  "»it- 
put  and  tn  tiirni-ase  in  th<>  Intfrnal  irmiK-raHire,  ^-litcti 
ponliitiMi  until  ai  P.  antipyrim-  wa^  udnjlnUtcwd.  The 
iDtcrnal  t«nip»mrur«  thrn  fi>ll  raptJIy  while  Uta  output 
trmt  to  li«yond  (he  normal  Coatnit  Fig-  SB-  (Ailtf 
one  of  GoUllvb's  DzperlmeQU.) 
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eumhustion  through  8orae  other  action,  but  not  by  aflpftiug  Uii*  lift- 
sues  *Jii*e<Mly. 

It  has  becu  stated  ah'cady  that  the  fevered  auimal  resists  any  cLang^ 
iu  its  temperature  in  the  same  way  as  tlie  normal^  and  it  might  there- 
fore be  expected  that  when  the  temperature  in  rethicod  by  aDtipvrelic^ 
the  organism  would  at  once  iucreasc  its  heat  formation.  The  fact  tlr*^ 
this  does  not  oceur,  but  that,  on  the  cxmtrar>%  the  metnUdism  Is  le 
aened,  inditrates  that  some  further  cliau^:t'  occurs,  that  the  antipyreti 
not  only  reduce  the  temperature  by  allowing  the  li«?at  to  est«|>e,  b 
also  alter  the  condition  of  the  e*H"irdiiiatiDg  mechanism  by  which  ll34 
tA'm|»omture  is  kept  uniform.  To  rotnni  to  the  comparison  with  s 
thermostat,  the  body  temperature  is  set  at  a  lower  point  by  the  anti' 
pyretics,  while  it  is  set  higher  by  the  fever  ]x>isons. 

The  action  of  the  antipyretics  on  this  coi'inlinating  centre  is  there- 
fore of  interest,  aud  has  been  examined  both  in  health  atid  disease. 
In  healthy  men  the  temperature  does  not  undergo  any  marked  change 
under  the  antipyrt'ticjj  for  though  it  may  fall  a  few  tenths  of  a  dt^t* 
in  stirae  cases,  this  is  of  nosignitit-ance.  The  sensitiveness  of  the  coordi- 
nating oentre  is  increased  apparently,  however,  for  in  some  individuals 
in  whom  hard  muscular  work  causes  a  rise  of  temperature  normally, 
this  is  absent  or  less  marked  after  the  antipyretics.  In  the  same  way 
tlie  rise  of  tempenUnre  which  occasionally  is  caused  by  very  hot  baths, 
is  absent  or  diminished  when  antipyrinc  has  been  administered  pre- 
viously. When  the  basal  ganglia  are  cut  off  from  their  connections 
with  the  lower  part  of  the  IxKly,  neither  septic  injcH:tions  nor  antipy- 
retics have  any  effect  on  the  temperature,  while  after  section  above 
the  basal  ganglia,  fever  is  caused,  and  the  antipyretics  induce  the 
usual  fall  of  temperature  (Sawadowsky).  In  ex|>erimcnts  in  which  a 
high  fever  was  produced  by  lesions  in  the  neighborhood  of  the  ganglia, 
Gottlieb  found  that  the  antipyretics  reduc-ed  the  tenijH>nitun»  and  in- 
creased the  output  of  heat  to  a  marked  extent,  while  the  formation  was 
increased  t4>  a  less  degree. 

Finally,  the  condition  of  the  centre  has  been  examine*!  by  Stem  and 
Kichter  after  the  temperature  had  been  reduced  by  antipyretics. 
They  both  found  that  the  protective  mechanism  was  calle«l  into  play 
when  the  temperature  was  slightly  raised,  ami  generally  when  it  was 
depressed.  For  example,  a  fevered  dog  (t<»mperature  40.9°  C.)  re- 
oeivwl  a  dose  of  kairine,  and  its  tem|)erature  was  reduced  to  37.6.' 
Attempts  were  now  made  to  raise  the  temperature  by  external  heat,  but 
the  animal  resisted  this  by  increasing  the  imtput  as  s*>on  as  the  tem- 
perature rose  to  37.8°.  The  ccKtrdination  which  maintained  the  tem- 
perature at  40.9*'  before  the  drug  was  administered  now  attempted  to 
keep  it  at  37.6°. 

The  results  of  these  researches  may  be  summed  up  shortly  as  fol- 
lows:  The  antipyrt'ties  nnlurr  thr  tcniprniture  in  fever  through  alter- 
ations effected  in  the  heul-rcgulatiug  nervous  niechanism,  which  result  in 
lowering  the  point  at  which  the  temperature  is  maiutained.    As  a  coose- 
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.|.it.,*i'  of  this  iictiiin,  a  preat  increase  in  the  Hi**.=tipntion  of  lipjxt  nuif*t 

(jTrtif  ill  i»n]rr  lt»  fro*.*  ihe  ImmIv  fnau  tlu*  wanntli  wliioli  it  Iw.s  uccimni- 

intfri,  and   this  ineroascMl  output 

19  ttttuiiiird    bv  (lilatntion  of  the 

rijUncons  vessels.     Tlie  seat  of 

action    of    thp    unlipyroljps     i? 

j>n4wibly  situated  in  the  bam.*  itf 

r  «vrt'hnim. 

The    precii*e    nature    of    the 

changes  wrought  by  the  antipy- 

Tvlics  in  the  eiM")rdinating;  inech- 

vniAtn    is    unknown.       Gottlieb 

fcod  llaniack  suj^gpst   that   it  is 

deprceibed    by     them    and    this 

DMild  aeeortl  with  the    widely 

btld  wlpa  that  fever  temperature 

iftduc  to  scjiue  form  of  braiu   ir- 

riution ;  but  their  reasoning  is 

open  to  objection,  and  Hpecula- 

tion  9««m6   useless    until    more 

i»  Iwrowl  reganling  the  normal 

function  of  this  organ. 

Whm  the  temperature  is  de- 
pfftwrd  tot»  rapidly  by  these 
iwnedics,  a  condition  of  collapse 
ij||(liD  prfxluti'd,  while  in  other 
^^MMtbe  li»ss  of  heat  caused  by 
tlie  dilatation  of  the  skin  vessels  seems  to  be  excessive,  and  shivering 
and  rigitr  follow  in  order  to  in<!reaae  the  production. 

^Vhin  liie  teni[>cratnre  has  reached  the  new  }x>int  fixed  by  the  coor- 
diiLilkiQ  under  the  influence  of  the  antipyretic,  the  heat  dissipation 
npidly  iliniiui.Hlu's  and  may  become  less  than  normal,  Imhtuusc  the  new 
tenipi'mtiire  is  maintained  at  a  constant  point  by  the  same  mechanism 
■•  tlio  lujimal. 

Tbf  Qutipyretics  are  rapidly  absorbed,  and  as  rapidly  Excreted  by 
thr  kiilrievii,  so  that  they  di$ap])ear  from  the  body  within  24-30  hours 
after  ihc-ir  administration. 
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Curve  of  the  iot«rDeI  temp«raiur«  (untirnkpo 
lln«)  Bud  of  the  flklri  l«ui|>«raluro  tdolUil  line)  Id 
fever  trcateil  wlih  *jiti|ij'rtiiM  (llo«Tulhal>.  Tlit*  al^ 
«w;l!>4it  .1  H  r«i>Trfn'\i\t  ttiH  tiuit!  In  hours,  toe  vortk'al, 
.If,  ttic  icmiM-murc  OiiltKreiif.  At  P  unlliiyrlno 
wai  i^iTen.  and  the  nkla  tfiitiiC'riturfl  riMV  iL  rpnt*e 
iau^neDted  heet  outniit).  uw  hiUTniii  trmpfrn- 
ttiretoon  began  to  faU.aoderK'r  It  ba«l  irftched  a 
c«riaiti  ifotot.  the  hIeId  t«iDperRture  felj  agaiD  u  ib« 
f»l>lllariea  oontjaiitwL 
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Thf  (ate  of  antjpyrine  sceros  to  differ  in  different  animals.  In  the  dog  it 
i»  fouoil  lo  be*  purl iully  oxidized  to  oxyantipyriiie  which  is  excreted  in  the 
urine  iti  comhtantion  with  plycuronic  and  sulphurir  acida.  In  others  it  is 
flotJiJ  to  ho  cxervtrd  in  iho  urine  unchanged.  Antifehriiu'  i]nderg4)eHa  purtinl 
uxirlation,  thr  ttnal  product  ditt'ering  in  diirorent  aiiiniuls,  but  nuiit*  of  the 
oriittnAl  hoily  npp«itr«  in  the  urine  except  after  very  large  do^>8.     In  man  it 

(NHC  H  0\ 
C^H,  <^T*    '    '    j  a"d  as  parainidopbenol 

(ir  aaotiier  of  its  c<>m|K)nnd^,  l>oth  iK'iug  in  combination  with  pulphurir  and 
Xly«Bloaic  acidit.     In  thv  rabbit's  urine  puntiuiduphenol  alone  is  found,  while 

the  dog  this  U  aocompaalod  by  oxycarl)aail  (C^U^  <  ^  >C0) ;  in  each 

it  Ibnns  a  double  sulphate  or  j^lyciironate.     The  fat«  of  the  othir  nnti- 
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pyrctica  rescmblcH  that  of  antifebrine,  the  quinoline  derivatives  undeigoing  i 
partial  oxidatiuu  resulting  in  a  body  analogous  to  paramidophenol,  while  Uie 
phcnetidine  compounds  are  partially  decompose<l  and  appear  in  the  urine  as 
glycurunates  of  phenetidine.  The  combinations  containing  salicylic  acid 
break  up  in  the  body,  and  the  acid  appears  in  the  urine  as  sallcylurio  acid, 
while  the  rest  of  the  molecule  undei^^oes  the  usual  partial  oxidaUon. 

The  presence  in  the  urine  of  these  bodies,  or  rather  of  further  pro- 
duct's of  their  oxidation,  gives  it  a  dark  reddish-brown  color,  which  may 
be  ol)servc<l  when  it  is  passed,  or  more  frequently  after  it  has  been  ex- 
posed to  the  air  for  some  time. 

Preparations. 

AcETAxiLTDUM  (U.  S.  P.,  B.  P.),  acetauiUde  or  antifebrine. 

Acetanilidti  is  a  colorless,  crystalline  body  insoluble  in  water,  soluble  in 
alcohol,  ether  and  chloroform.  It  has  no  odor  when  pure,  but  has  a  slight 
burning  taste.  It  may  be  prescribed  in  powder,  suspended  in  mucilage,  or 
in  cachets  or  lozenges.  The  B.  P.  gives  aa  the  dose  0.06-0.2  G.  (1-3  grs.),  but 
it  is  often  given  in  larger  doses,  up  to  0.6  G.  (10  grs.). 

Piilvis  AcefaniHdi  Oomp&situs  (U.  S.  P.)  contains  7  parts  of  anUfebrine,  1  of 
caffeine,  and  2  of  sodium  bicarbonate.     Dose,  0.5  G.  (7 J  grs.). 

Anttpyrina  (XJ.  S.  p.),  Phenazonum  (B.  P.)  phenazone,  or  Antipyedje, 
forms  colorless  inodorous  crystals,  with  a  bitter  taste,  very  soluble  in  water, 
alcohol  and  chloroform.     0.3-1.3  G.  (5-20  grs.). 

PlIENACETINUM  (B.  P.),    ACETPHENETIDIKUM  {U.  S.  P.),  COlorlcSS,  tastelCBS 

crystalfl,  insoluble  in  water,  0.3-1  G.  (5-15  grs.),  in  the  same  forms  as  aoet- 
anilide. 

Non-offlcial. 

ThalHne  is  generally  seen  as  thalline  sulphate,  a  colorless  crystalline  sub- 
stance, of  a  weak  aromatic  odor  and  slightly  bitter  taste,  soluble  in  7  parts 
of  water.     0.2-0.5  G.  (3-8  grs.). 

ExcUgine  resembles  acetanilide  except  in  it«  greater  solubility  In  water, 
and  may  be  given  in  the  same  quantity. 

Malakine,  Ijoctopheniney  Thermodiney  Neurodiney  Saliphen  and  Salophen  all 
resemble  each  other  in  being  insoluble  in  water,  colorless  and  crystalline, 
and  are  prescribed  in  the  same  way  as  acetanilide  and  in  doses  of  0.5-1  G. 

Phenocoll  is  generally  used  as  the  hydrochlorate,  which  is  &irly  soluble  in 
water,  while  SalocoU  is  insoluble.     0.5-1  G.  (8-15  grs.). 

Malakine,  Saliphen^  SalocoU  and  Salophen  all  hve&.  up  in  the  body,  freeing 
salicylic  acid,  so  that,  in  addition  to  the  antipyretic  action,  the  characteiisUo 
effects  of  this  acid  may  be  elicited  by  them. 

The  antipyretics  are  almost  invariably  given  by  the  mouth.  Antipyrine 
has  been  injected  hypodermically,  but  is  somewhat  painfhl,  because  much 
larger  quantities  have  to  be  used  than  are  generally  given  by  this  method, 
and  the  solutions  have,  therefore,  to  be  more  concentrated  (3(>-50  per  cent.). 

Therapeutic  Uses. — The  antipyretics  are  used  chiefly  to  Bednce  the 
Fever  Temperature.  The  most  satisfactory  results  are  obtained  from 
those  which  act  somewhat  slowly,  but  which  preserve  a  low  temperature 
for  st»me  time,  and  antipyrine  and  the  phenetidine  compounds  are  thus 
pref'.'rablc  to  the  earlier  remedies,  which  produce  a  more  abrupt  fall,  after 
whicli  the  temperature  soon  regains  its  former  height.  The  best  effects 
:iro  obtained  when  the  antipyretic  is  given  at  the  commencement  of  a 
natural  remission,  the  temperature  often  falling  2-4  d^rees  in  the  course 
of  the  next  2-3  hours,  and  only  rising  slowly  afterwards.     In  some 
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fcve?ytlie  antipyretics  have  tniicli  less  toiidcncy  to  lower  the  lemjiera- 

tiirp  itttui  in  i)tber-i.     Thus  in  hf^pticwmia  Iarg:cr  dose>*  are  R'qnirfd  ilmri 

in  tvphoid  and  not  infrequently  no  satisfactory  reduction  of  the  tcmpera- 

itir- t'ollnws  tlip  administration  of  the  maximal  quantity.     Pneumonia 

i*  alw  Slid  by  tHtmt*  writers  not  to  be  affected  so  eaMly  as  some  other 

febrile  conditious  in  which  the  heat-regulating  centre  appears  to  be  in 

alts>Ht;tb1e<.vindition,  as  is  manifested  by  the  occurrence  of  large  6|hui- 

UtHHiUs  variatitnis  of  temperature.     The  reductioa  of  the  tempenitoro 

Ifrth<»autipyretir8  hists  only  as  long  as  the  drug  is  present  in  sufHcient 

<li«Dlity  in  the  IxkIv,  and  accordingly  as  soon  as  sufficient  has  been 

nm?tcd,  the  intoxication  of  the  regulating  mechanism  begins  again,  and 

the  ti*nipt'rature  emjoh  rises  to  its  former  height.     The  antipyretics  do  not 

act  ou  the  cause  of  the  disease,  but  only  remove  one  of  tli«  symptoms, 

Ujt  tliifi  tu  it5<*]f  is  nnt  an  argument  against  their  use,  as  is  apparently 

Wicved  by  some  writers,  because  as  long  as  the  physician  is  unable 

to  treat  the  cause  dii^ectly,  he  is  justified  in  taking  such  measures  as 

|t«wsible  U>  remove  the  symptoms,  rather  than  in  adopting  an  ex- 

uit  troatment,  pure  and  simple.     The  extensive  use  of  these  rcme- 

lii*  sihows  very  clearly  tliat  the  high  trmpcnitnre  is  merely  a  syin|K 

,,^  disease,  and  not  the  disease  itself,  and  the  question  has  been 

as  to  whether  the  rwluctiou  of  fever  is  in  any  way  b<»ne- 

icmI.    Xo  one  questions   that  some  antipyretic  nu-asnres  shnuld  be 

token  whi'u  thi*  tenijMTutvire  rises  so  high  as  ttt  f«>rm  a  dimger  in  itself, 

b*il  iKcir  use   iti   (.>n.linary   fever  cases   is   more  doul^tful,  and  many 

phj>iciau.H   deprecatt'    their    ust;     unlests    in   fxceptioual    casi-s.       Thi* 

▼try  large  dosi.-s  formerly  used  uudoubtedly  induced  dangerous  synqv 

l«u>   tKxitsionally,    but    there    is    little    risk  nf  this  (KXMjrring    from 

*l*f    iotelligeut     use    of    the    less    violent     raemliers    of    the    series, 

"  ''tt«   rwwnily   Ijeen   shown    by  Schutze   and   Beniusch   that  the  wsg 

""tile  antipyretic^  cKies   nnt   retard    the   formation   of  the  protective 

•"Stance*  (antitoxins)  to  which  the  recovery  from  fever  is  attributed, 

I'*'^  in  infrctetl  animals  treated  with  enormous  quantities  of  antipyrine 
">^'  senmi  di-iplayed    the  same  agglutinating   prop<^rties   towards  the 
"•oil;  f^  ilujt  of  controls  which  were  not  subjected  to  any  medication. 
■A  QKitv  serious  argument  against  their  use  in  fever  is  that  the  course 
f*t  (be  di^eiise  is  less  readily  followed,  Vweause  one  of  the  guiding  symp- 
bmis- — the  temjH^ratnre  variatifins — is  no   longer  dependent  solely 
uptiti  thi'  severity  of  the  intoxication  with  the  fi-ver  iKiisons,  and  both 
diAfsmjsis  and  pr»>gn<^is  are  thus  rendere*!  niore  diflioult.     For  exanipir, 
in  typhoid  tever  a  sudilen  fall  of  tem|>eraturc  often  gives  the  Hrst  ii»- 
(in  of  such  u  c«iinpliiaUion  as  hiemorrhage,  but  if  an  antipyn*lic 
Wn  given  hrforchand,  this  indication  may  be  entirely  absent.    On 
either  hand,  it  is  urged  in  favor  of  the  antipyretic  treatment  that 
pitient  feels  more  comfortable  and  easier  when  the  temperature  is 
ptdnwd,  and  that  this  alone  rnay  favorably  influence  the  course  of  the 
iltjcaw'.     lit^ides,  the  high  temperature  in  itself  increases  the  tissue 
and  eAii!*es  largi^r  draughts  on  the  n'Hourw»s  of  the  patient  than 
lie  made  with  the  same  amount  of  poison  in  the  tissues  at  u 


M 


382  ORGANIC  DBUOS  ACTING  AFT/^^  AB.<;ORPTIOK 

lower  torapcniturt' ;  and  although  the  influenci?  oi  the  high  lumpfranui 
on  ttie  mctalx>Iisra  waa  umlouUtedly  exiucp^ra'^''^  ^'  f*»''  lirar.  thia  o 
Bideration  is  hy  no  means  devoid  of  weij^hr.     The  llicory  thiit  fm- 
a  defensive  measure  taken  by  the  urganisiu  against  the  caittwof  <!»• 
ease  and  ouglit  not  to  be  interfered  with  therefore,  is  now  seldom mtfr 
tione<i.     The  antipyretic  treiitment  of  fever  Is  of  value^  IIku,  iu  rata 
■where  tiie  ternijorature  in  so  high  as  to  endauger  life,  in  oases  vu  \Oktrfi 
tlie  rise  of  lenqwrature  is  the  chief  cause  <.if  distress  and  no  ooraplio- 
titms  are  Ui  be  apprehended,  and,  in  genend,  in  eases  in  which  tlw 
incrcjused  eoinfort  of  the  patient  is  not  counterbalance*!  bv  l\n.'ir  *i»- 
Bctirin*^  the  diajjnosis  and  jtrt^osis-     On  the  other  hand,  ibcrc  i^  W 
rciwon  to  suppose  that  it  leasena  the  mortality  or  shortens  ibtiMur* 
of  m<»st  fevers,  or  tluit  it  prevents  eomplie-ations  of  any  kiml  cx^pl 
excessively  high  temperature,  and  the  routine  treatment  of  fi-viTwidi 
antipyretics  is  to  Ik:  »leprecate<l. 

The  ciiief  rivnl  of  the  antipyix*tics  in  the  treatment  of  fever  in 
present  day  is  the  a>-called  onld-l)ath   treatment,  in   which  t-bc  ft 
patient  is  bathed  fntpiently  in  water  the  temiHraUiro  of  which  vii 
friHU  7(>-!l()°  F.  in  different  honpitais.     The  tomjHjrature  jrenemllv 
to  a  rNnisidenii»le  extent  under  this  treatment,  and  very  nl\eu  a  goDt 
irnppivruu'iu  in  the  symptoms  o<K!urs.     The  effwjt  on  the  lenH)<.'rai 
is  mainly  due  to  the  abstraction  of  heat  from    the   b<idv    and 
far  c<»rres|>omls  to  that  of  the  antipyretics.      In   the  c<ild-bath  ti 
ment,  however,  the  loss  of  heat  is  not  immediatelv  due  to  the  tl 
tifm   of  tlie  skin    vessels,   for  baths  at   70*^  F.   have  rather  die 
of  Gimstricting    th*^-    vesseLs    primarily,    whatever    n»av    Ik-   ihe  sul 
sequent  effect.     The  heat  output  increases  here  fnjin'  the  eiiiiDire 
the  external   medium,  and  not  from  any  alteration  iu  the  skin  ityel 
The  fall  of  temperature  is  generally  not  so  great  as  under  llie  anti 
pyretics,  and   tfie  n?gulatinn   is  not  directly  afft-etod,  for  the  patiel 
shivers  ami  becomes  cyanotic  long  before  the  norma!  temppniture 
reached.    The  therapeutic  virtue  of  tlie  cold  bath  was  formerlv  b<'lievi 
to  lie  exclusively  in  tho  abstnu-tion  of  heat  and  tin*  fall  of  teiiiptTatui 
but  many  advmniU's  of  the  treriLuiciit  now  hold  that  this  is  of  les.*  i 
portance  tlian  the  effects  on  the  cireulatitm  and  the  brain   which 
elicited  reflexly  by  the  cold  water  applied  to  the  skin,  an*!  which 
not  now  lielieved  to  Ijc  due  to  the  fall  in  temperature.      Whether  tl 
view  is  correct  or  not,  the  whole  nature  of  the  fall   in  tenii)erature  i' 
different  from  that  produced  by  the  antipyretics,  and  the  metahoUs 
instead  of  becoming  less  active  as  it  does  under  the  latter,  ratl>er 
to  increase  under  the  cold  baths,  at  least  as  far  as  tfie  tissue  clianee 
be  measured  by  the  nitrogen  excretetl.    The  relative  thei-apcutic  vi 
of  the  two  metfiods  of  Lrt-ating  fevers  can  only  he  determine^l  bv 
iea!  experiment,  and  the  present  attitude  of  the  clinicians,  which  tt 
to  favor  the  eold-l«ith  treatment,  may  be  reverRed  in  oourRe  of  iil 
However  the  matter  may  stand  in  hospital  practice,  in  whieh  tniint 
ftssisUince  is  availablp,  the  antipyn^tic*  have  a  great  advantiige  in  nmnv 
cases  in  which  treatment  has  to  be  carried  out  without  any  stich  fiioili- 
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itration  of  these  drugs  way,  of  course,  be  entrusted 
ij  whereas  the  roUi  Imtli  i*an  \>o  given  only  hy 
elf  or  by  trained  attendants.  Particularly  in  tlic 
B  DO  complifuted  measures,  such  as  the  cold  Imth, 
Bsary,  the  antipyretics  give  relief  to  tlic  patient  by 
^  of  heat  and  discomfort. 

I  dnigH  are  quinine,  aconite,  digilahV,  and  alrnliol, 
roduee  an  ei|ual  fall  of  temperature  unless  with  the 
g  and  dangerous  symptom!*.  Aconite  and  dij^itnlis 
ted  to  reduce  tlie  temperature  through  their  efl'eets 
although  it  is  not  inipoMsihle  that  they  may  also 
r  heat  regulation.  Quinine  acts  prohably  through 
olism,  and  alcohol  by  dilating  the  skin  capillaries, 
Beuing  the  inovoraents  and  thereby  the  formation 
icae  drugs  are  used  very  much  less  as  antipyn  tics 
aSf  bt^sidea  their  undesindjie  secondary  ell'ccts,  the 
is  less  certain  and  less  profound  than  under  the 

L 

are  also  used  very  lai^gely  to  relieve  Neuralgic  Pain 
3  with  complete  success.  So  little  is  known  re- 
gy  of  these  diseases  that  it  would  seem  premature 
3d  in  which  these  rerae<lies  act.  By  many  they  are 
sedative  or  depressant  effect  on  the  central  nervous 
ist  be  limited  in  its  nmge,  lor  quantities  suflicient 
en  leave  the  mind  j^erfcctly  clear.  The  analgesic 
ies  is  apparently  quite  dillerent  from  tliat  of  mor- 
instanoes  in  which  the  latter  is  successful  they  fail 
lition.  On  the  other  hand  antipyrine  and  Its  allies 
where  morphine  is  contraindieatL'd,  eithtr  from  the 
:  being  formed,  or  from  the  somnolence  it  induces. 
ppear  to  he  of  little  or  no  value  in  relieving  the 
;e  inflammatory  eondilions,  while  ou  the  other  hand 
pcific  in  some  neuralgic  cases.  Almost  all  of  the 
Sieiit  in  these  c;ises,  hut  iai*ger  doses  are  gt-nerally 
Qcc  fever,and  the  more  jwwerful,  such  asantifehrine, 
to  the  safer  and  more  slttwly  acting  phenetidines. 
>reseril>e<l  ah»ng  with  tlie  antipyretic,  as  in  the 
le  powder. 

.tipyrctics  liave  been  used  as  Substitutes  for  Qtxinine 
malaria,  but  none  of  them  swm  to  have  the  specific 
t>n  the  organism  of  malaria,  and,  altliough  they  may 
;<ire,  tbey  do  not  prevent  the  other  symptoms  and 
jause  of  the  disease.  In  ihe  stune  way  they  do  not 
rlic  acid  in  cITieiency  in  acute  rlieuniatism,  alifumgh 
iduce  the  tempentture.  This  does  not  apply,  of 
^  the  antipyretics,  such  its  malakine,  which  f(»rm 
Br  deeom|njsition  in  the  hody.  It  is  to  be  noted 
lic^lio  acid  thus  forme<l  from  the  onlinary  dose 
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of  the  antipyretics,  is  considerably  smaller  tban  would  be  given 
apid  itself  were  prescribed. 

The  autipyi-etics  are  used  to  a  considerable  extent  in  cases 
l>ctes  insipidus  and  mellitus  and  appear  to  relieve  the  disounifuK 
in  some  cases  to  improve  tlie  general  condition.  In  whooping  ct 
antipyrine  often  lessens  the  severity  of  the  attacks  and  also  ren 
tliem  less  freqnent,  and  is  said  to  shorten  the  course  of  the  diseai^e. 

The  use  of  antipyrine  ami  other  mcmiwrs  of  this  dories  as  6i*i).-iti\< 
hy|teractivity  of  the  motor  functions  of  the  bniin,  such  ns  epilc*p»y 
chorea,  has  not  been  nttonded  with  great  success,  althuugh  tero]tur»r] 
provement  has  occasionally  l»cen  noted,  ns  after  so  many  other  remedies  , 

Antipyrine  and  several  others  of  this  series  have  been  mlvoont^Hl  tM 
sedatives  or  auiesthetics,  and  have  been  used  oirasionully  to  lefl^| 
irriLability  of  the  thrcMt  and  hir>'nx  and  thus  to  p4*rmit  of  the  minor  ma* 
hitionfii  of  larynjfology.  Holo<'aine,  a  Ixxly  closely  related  to  pheaace 
has  been  employed  to  a  limited  extent  as  a  local  auiesthetic  in  ophtbal 
o^y,  but  appears  to  be  more  poisonous  than  other  equally  efflcaciooa  dit 
such  afl  eucaine. 

Thalline  has  been  advised  as  a  nretliral  injection  in  gonorrbi 

The  occurrence  of  collapse  and  other  symptoms  has  led  to  a 
erable  amount  of  distrust  of  the  antipyretics  among  many  of  th 
ical  profesHion.  In  justice  it  luis  to  be  remembered  that  in  mjinj 
these  aymptoma  were  pnxlticed  only  by  very  large  doses,  am 
since  experience  has  shown  that  beneficial  results  may  be  obtaii 
smaller  quantities,  these  canes  have  notably  diminished  in  iQfl 
practice.  Unfortunately,  this  distrust  is  not  entertained  by  d 
chisH  of  die  laity,  and  numerous  cases  of  poisoning  arise  from  tSi 
pressii>n  that  the  antipyretics  arc  not  dangerous  drugs.  For  the  I 
part,  poisoning  seems  to  be  due  to  a  peculiar  sensitiveness  or  idia 
crasy,  whit^h  cannot  be  foreseen,  but  in  cjises  of  great  exhaustion 
asthenia,  espociidly  when  accompanied  with  aneemia,  these  drugs 
to  he  used  with  great  care  or  avoide*!  entirely. 
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mv.    ANTISEPTICS  OF  THE   AROMATIC  SERIES   (OAR 
BOUG   AND   SALICTUC   ACID   SERIES). 

Various  Ittilsaiuti  and  wood-tar  and  some  of  its  derivativt's  have  long 
*njoywl  a  certain  reputation  in  surgery,  hut  the  true  value  of  the 
wxiifsnfthe  aromatic  series  lias  only  l>een  realize<l  niiice  the  Ky.steniatiu 
tftatmcnt  of  wounds  with  antiseptics  was  intr*MJuced  by  Lister  some 
Utiftr  years  ago.  The  first  antiseptic  proposed  hy  him  was  carlx>lic 
wd.and  thw  held  its  position  for  several  years,  when  it  was  diw.'overe<i 
tiat  Wies  of  siniilar  origin,  and  others  of  entirely  different  eomj»o.si- 
[lioii  poaeei^sed  equally  great  advantageH  as  antiseptics  with  les.s  lialHlity 
induce  poisoning.  Of  late  years  a  very  large  number  of  antii^eptics 
6e/onging  to  the  aromatic  chemical  series  have  l>een  introduced,  and 
'  Iteen  diseanled,  otlen,  it  would  appear,  without  sufliciLiit  exunii- 
II.  It  is  not  within  the  scope  of  such  a  work  as  this  ti>  cxaniiue 
aii  of  these,  eR|>ecially  as  the  effects  of  many  of  tlK*m  differ  only  in 
detail.  ImiI  the  chief  active  principles  will  be  mentioned. 

Tbe  great  mass  of  the  aromatic  antiseptics  are  obtained  from  cool- 
«»rwo««l-tar  hy  metre  or  lcsR«)niplicated  reactions,  and  are  otlen  known 
a5  the  ooal-tar  or  tar  antiseptics. 

The  hyflroTfirhons  hrnzene  or  henzof,  iofuol,  ryfoi  are  U*q  volatile  for  use  as 

»nti?5*^ptici*.and  theonlyhydrooaihoiiiise*!  for  this  purpose- is Naphtalin(C.„H  J. 

Amonp  tho  hydroxyl   eonipouuds  of   beuzol,   Carbolic  Acid  or  Phenol 

(CH.OH)  i«  (htt  be«t  known.     ThedioxylwnzolH  ((^H/OH),),  three  in  nmn- 

•^  hgdroqvinofw,  jnjrwatrrhin,  nnd  re^orcin  have  also  been  uwd  in  medicine, 

r««>ordn  wait  at  one  time  a  popular  ttiitiseptic,  although   it  has  latterly 

len  intodisiu.'^e. 

Amonir  the  trioxytxinzols,  Pyrogallol  (r^H,((>H),)  alone  has  been  used 
If  ^^riMvely  a*  an  antifieptic  in  skin  (liHeaseH,  and  iw  wTitl  considered  of  value 
IJn  cf  rfuin  conditions. 

If\dri*xyl  derivatives  of  other  hydrocarbonH  are  the  two  Naphtols,  n-  ami 
l^,  (CjEljOH)  which  are  used  as  intestinal  diKinfectauta.     2>ymo/(C^Hj(CH,)- 
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(C.H,)OH),  obtained  from  thyme,  wtis  introduced  as  a  subfttitute  for  <!nrboUe 

ariil,  but  liiiR  fullon  into  disu-e.  31ore  reconlly  ibt  r/w!o6».  C,H,(OH)lCllJ, 
of  which  three  aiv  known,  have  attuineil  some  promliicuct^  »i»  un(ist'i)ti<-&>. 

The  phenol  ethers.  anim»l  uud  ph^ndol  (C^H^UCH,  and  C"^H.OC,H^)  have 
never  b«?en  introducetl  into  tbenipeutie  use,  but  .gwai'aco/ (r,H,(,Oll)(Ul*HJ;, 
the  mi'thyl  ether  of  pjToeatoihiu,  has  Imd  some  use  of  I:it«*  years  a»s  un 
atitifleptic  and  antipyretic.  A  combination  of  guaiacol  and  carbonic  acid 
knowu  as  guniacol  Cfirftomi/*:  (CO(OC',HjUCHj.)  has  also  Ix'cu  uwd.  Other 
dioxy-durivativea  uiv  the  rrcwoh  {i.\H^(i.'\l^){,OX{){OC\i^)y  which  arc  im- 
portant «jnKtiluent«  of  woud-tar  and  of  creoaote. 

The  substitution  i»f  chlorine  for  hydro>cen  in  the  l»eD2ol  ring  »xm&  to  in- 
crea*^  itn  nnliHcptic  jKiwer,  Hnd  mrmurhhirphrnol  (C^H^ClOHj  and  trichlor- 
phenol  (C,H,Cl,OH)  have  i>crn  sui^yt^stcd  as  antiseptics.  A  similar  iulvustified 
action  \a  obtained  by  the  ^ulMitutioa  of  chloriuu  in  the  members  of  ihe 
methane  narcotics.     (Sec  pat»e  129.) 

The  presence  of  the  carboxyl  group  ( — COOIT)  leasens  the  poisonous  action 
of  the  aromatic  series  exactly  as  in  the  came  of  the  methunu  !*i*ries.  Several 
acids  have  Imcu  .sujr^ested  a.**  internal  antiseptics,  therefore,  and  oneof  Ihem, 
Salicylic  acid  fC^H^ont'ooH),  is  perhaps  the  most  important  of  all  ihelHTizol 
compounds  at  the  present  lime.  Benzoic  acid  (('^li^COOH)  is  ua  equally 
jKiwerfut  antiseptic,  but  ia  comparatively  .^^eldoin  used  as  sucli.  It  %&  the 
chief  constituent  of  several  of  the  *'  l>aisams,"  in  which  it  xa  often  occom- 
panieil  by  cinnamU:  acid  (C^HjCH^-CHCOOH). 

Salicylic  acid  is  (he  only  oneof  three  tsomeric  acids  that  has1)Cen  found  of 
value.  It  is  used  either  as  the  pure  acid  or  more  frw|uently  as  the  Salicylate 
of  Sodium.,  or  in  the  form  uf  an  ester.  One  of  tlu'sc,  meOiyUalicylatg ,  baM  long 
l>eeu  known  as  the  oil  of  wintergrecn  and  as  fnvcci  oil  of  biivh.  Another  well- 
known  ester  is  the  phenyl  wilicylate  or  Salol,  (<^'Jl,OHOOOC^Hj),  while 
others  of  It-'iAs  widcsprejid  reputation  are  rrr««/o/ (sidicylatc  of  cres*.*!),  ^/o/ 
(smlicylate  of  /i-imphthol),  mHUtifmol  (salicylate  of  thymol).  Several  oth«r 
Siilieylic  compounds  are  used  as  nnlipyrclifrs  as  well  as  for  their  actit>n  us 
salicylates  and  are  mentioned  amonj;  the  antipyrine  aeries.  (Page  :J74.) 
The  most  recent  substitute  for  salicylic  acid  is  tutpirin  or  aeetylsalicvUc  acid 

(t;,H.oaH,o.cooii). 

Another  acid  which  has  been  used  as  a  substitute  for  fuilicylio  acid  U 
rrrmtbxic  (und  ((•^M/CH,)(OH)(COOH)),  and  the  oxt/naphioicacidn  (C,«H,(OH)- 
(t'(K>H))  have  been  suggestetl  as  aiitiseplics. 

Instead  of  carboxyl,  the  sulphou  radicle  has  l>een  attached  to  phenol  in 
order  to  lesscu  its  toxicity,  and  in  this  way  the  st>-called  aulphmarltotalet 
were  formed.  They  must  be  distinjruished  from  the  ether-sulpburie  iu*lds 
or  double  sulphate  in  which  Ihe  — HSO  is  attached  to  the  earl>on  of  the 
ring  by  oxygen,  wliile  in  the  sulpbocarbolates  the  connection  between  Iho 

sulphur  and  the  carbon  is  direct.     (Sulphocarbolateof  Boilium,  *^'flH,    .j,  *  . 
sodium-phenol  donblo  sulphate,  (',H,OSt),Na.)  »^.^^a, 

Wlien  two  hydrogen  atoms  of  the  ben/xil  molecnlo  arc  sulistitutvd  by 
other  elements  or  railicles,  three  diOcrent  chemical  products  may  result, 
and  these  are  known  us  oitlio-,  meta-  or  para-comjHJunds,  according  to  Ihe 
relation  the  two  substituted  atoms  bear  to  each  other.  These  three  isomerie 
forms  very  often  ditfer  in  toxicity  and  also  in  their  antiseptic  power,  but  nn 
genci-al  statement  can  be  made  as  to  their  relative  position,  for  the  ortho- 
compound  is  sometimes  the  most  i>owerful  antiseptic,  as  in  salicylic  acid  ; 
In  others  the  meta-compound,  as  in  metacresol,  while  itarnchlorfihenol  is 
more  strongly  antiseptic  than  either  ortho-  or  metachlnrphenol. 

Many  crude  pre|*aratious  of  these  bodiesare  still  in  use  and  have  the  ad- 
vantage of  cheapness  over  the  pure  principles,  and  are  therefore  preferred 
where  <tisinfe<'tion  has  to  be  carried  out  on  a  large  scale. 

Wood-tar  varies  in  its  compitsition  with  the  \vood  from  which  it  is  ob- 
tained.    The  most  importAnt  constituents  are  generally  guaiacols  and  crco- 
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Rnd  tbrir  homologrtes,  while  carbolic  arid  iinri  tho  iTLfiols  aro  less 
WffrK  rfpi'pfti'nN'*!.  Along  with  other  only  partially  known  BiibstaDceB, 
•unL'hTilrrM'urlioiis  nncl  arids  such  us  ucelic  acid,  alst)  occur. 

Creosote  is  ohtaiucd  frum  bn-cb  tar  aud  consisls  chielly  of  giiaiaool  and 
cnoHoU  with  very  little  turbolic  acid  or  crfiiol,  which  hkttcr  have  a  lower 
tttiling  jtoint  aud  are  rcraovod  in  the  counu'  of  i>rcpai'aliou. 

Tbf  roliitiU  or  rthrre<il  oiU  have  also  antise|»tic  proj)crtica,  and,  in  fact,  no 
linv  iif  (leiQurcaliou  can  be  drawn  Iwtweuu  the  volatile  oil  soric-j^  and  tlic 
antwptira  proper,  for  many  hodiea  occnr  in  both  grouj«?,  and  the  great 
majurity  of  the  ronstituont^t  of  the  volatile  oil  series  belongs  to  the  l>enzol 
rcmijHHiuiLd.  The  earliest  antiseptics  known  were  those  occurring  in  plan ti*, 
a*  »  shown  by  the  use  of  various  herbe  in  emluilniiiig  in  Kj^'jpt.  In  later 
tinus Mineral  of  the  baL^anis,  which  contain  ben2oic  and  cinnamic  acids  dia- 
aih'odin  vobtile  oiU,  were  creiUted  with  benellcJal  effecta  in  the  treatment 
of  TMindis. 

UhtkyA  is  the  ammonia  salt  of  a  sulphonic  acid  derived  from  the  tar  of  a 
biiiuninmis  shale  which  ia  found  in  the  Tyrol,  and  which  contains  the  re- 
iiai&»uf  many  fossil  lisheit.  The  constitution  of  ichthyol  is  still  doubtful  and 
it  utrYi'D  undecided  whether  it  i«  nnt  really  a  mixture  of  a  number  of  bodies. 
It  mnliiins  a  hi^ch  percentage  of  sulphur,  which  seems  to  be  only  in  part  in 
tlic  fi^rm  uf  •sulphoiLs.  in  part  in  tha  of  mcrcaptans  and  sulphides.  Thiot  is 
»o»rtiflmI  prfMlurt  formed  aa  a  substitute  for  ichthyol  by  the  lu-tion  oft^ul- 
phuf  Mil  afterwardn  of  sulphurit^  acid  on  the  tar  obtained  from  brown  coal. 
U  pwiftft  In  eon^ist  chiefly  of  sniphons.  and  is  very  soluble  in  water.     Tumtmol 

iitio(lt4Tartiri<*inl  substitute  for  ichthyol.  Naphtatan  is  prefmred  from  raw 
by  distillation  and  is  used  instead  of  ichthyol. 

L — T\w  (iimpler  bodies  of  the  aromatic  scries  prtwluce  symptoms 
ring  orjfitnisin  wliicli  prcst'ut  great  Himilarity  in  their  general 
nhhonjrh  they  differ  in  details.  As  a  j^cncral  ndc  it  is  found 
w  gituplcr  nicinlMTs  of  the  series  are  niui'I»  ni<»re  i>oisonotis  to  the 
lugWr  imimuU  than  tlie  more  ci>mple,x  ones,  while  the  latter  are  e<]ua]ly 
or niorc  eflteient  hh  poisouH  in  the  lowest  living  forms.  They  are  all 
pOMwed  of  a  more  or  less  marked  action  on  the  centnd  ner\'ons  sys- 
Wn,  irhieb  is  entirely  different  from  that  nf  the  methane  narcotics, 
o"*ev'tT.  The  hniin  aud  spinal  coni  an*  thrown  int*t  a  condition  nf 
■bB*>mml  irritability,  which  is  hetniycil  by  an  increase  in  the  n-flex 
rnuentK  ami  tremor  and  convidsions,  and  which  is  not  due  to  the 
ivn\  of  inhibition  as  in  the  ease  of  the  methane  compounds.  I^tcr, 
tstaj^nf  prostration  and  collapse  is  develo|)e<l,  which  may  simulate  tlial 
•WT»  in  the  nan'(»sis  of  the  fatty  series,  but  din'.s  not  wem  to  be  iilenti- 
o»l  with  it»  for  though  in  man  the  consciousness  is  often  loNt  in  this 
*^,  tlie  ci(>llnp6«  in  animals  is  in  many  oases  not  aetrompunied  by  loss 
ofsenadon  or  of  the  voluntary  movements.  The  symptoms  arc  gen- 
<iftllyduw<'  of  great  museulnr  weakness  and  in<licate  depres.sion  of  the 
^1  eentriBfi  of  the  medulla  oblongata  and  of  the  heart  rather  than 
eoaipletc  lo«s  of  the  cerebral  functions.  They  resemble  surgical  shock 
nnjfe  than  the  anirMhesia  following  the  use  of  chloroform  ami  ether, 
wdan?  pmbably  of  a  different  nature  from  thelalter, 

.Many  of  the  members  of  tiie  benzol  series  tend  to  destroy  the  rod 
oyfcofthe  bl'HKl  and  to  form  mcllnemoglobiu  ;  this  etfect  is  es|X'cially 
wYelftpetl  in  the  t^ase  of  pyrogjdlol  and  will  be  deserilxMl  under  il  in 
detail    Most  of  these  antiseptics  reduce  the  temperature  in  fever, 
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while  they  have  little  effect  on  that  of  the  normal  body  unless  when 
given  in  large  enough  quantities  to  produce  collapse.     The  cause  of 
the  fall  of  temperature  in  fever  under  the  action  of  these  drugs  is  Dot 
satisfactorily  explained,  although  it  seems  probable  that  the  process  is 
the  same  as  in  the  antipyrine  series,  with  which  they  are  nearly  allieiL 
The  aromatic  poisons  differ  from  the  typical  members  of  the  methane 
series  in  their  effects  on  protoplasm  in  general.     Alcohol  and  ether 
destroy  life  in  all  forms  of  protoplasm  when  they  are  brought  in  con- 
tact with  it  in  sufficient  concentration,  but  the  phenols  and  acids  of 
the  aromatic  series  do  so  in  more  dilute  solutions,  and  in  fact  owe 
their  importance  in  medicine  to  their  activity  as  general  protoplasm 
poisons. 

Small  quantities  of  the  aromatic  bodies  seem  to  increase  the  activity  of 
living  matter,  at  any  rate  under  some  conditions,  for  the  alcoholic  fermen- 
tation is  said  to  be  accelerated  by  the  presence  of  minute  proportions  of  these 
poisons,  and  in  the  higher  animals  some  of  them  increase  the  nitrogenous 
metabolism,  while  larger  doses  destroy  the  yeasts  and  also  the  tissues  of  the 
body.  The  evidence  of  central  nervous  irritation  might  also  be  cited  in 
support  of  the  view  that  the  members  of  the  aromatic  series  first  accelerate 
and  then  retard  protoplasmic  activity,  but  the  evidence  is  too  limited  as  yet 
to  admit  of  such  a  generalization. 

Therapeutic  Uses. — The  members  of  the  aromatic  series  are  used  in 
therapeutics  chiefly  as  disinfectants  and  antiseptics,  that  is,  to  destroy 
or  retard  the  growth  of  pathogenic  and  putrefactive  microorganisms 
and  yeasts.  Their  introduction  by  Lister  to  prevent  the  infection  of 
wounded  surfaces  in  surgery  was  followed  by  a  revolution  in  surgical 
methods,  which  can  only  be  paralleled  by  that  which  followed  the  in- 
trocluction  of  anaesthetics  some  twenty  years  earlier. 

The  successful  treatment  of  local  infections  by  means  of  antisepUca 
encouraged  the  hope  tliat  general  septic  diseases  might  be  as  favorably 
influenced  by  them,  but  the  two  conditions  are  obviously  entirely  dif- 
ferent, for  in  the  case  of  a  local  infection  the  remedy  may  be  applied 
at  the  diseased  point,  and,  although  it  may  destroy  the  life  of  the 
superflcial  cells  in  the  neighborhood,  this  is  not  of  vital  importance. 
On  the  other  liand,  a  disinfectant,  acting  throughout  the  tissues  of  the 
body  in  sufficient  quantity  to  destroy  the  microbes  of  infection,  must 
have  an  equally  unfavorable  effect  on  the  cells  of  the  host,  unless  it 
has  a  spcciflc  action  on  the  parasite,  and  this  is  very  exceptional. 

A  disinfectaut  in  the  strict  use  of  the  term  is  a  substance  used  to 
di'stroy  microbes,  wliilc  an  antiseptic,  while  not  actually  killing  the 
germs,  prevents  their  growth  as  long  as  it  remains  in  contact  with  them. 
A  disinfectant  is  aca>rdingly  only  intended  to  act  for  a  short  time,  for  if 
tlie  infected  matter  be  once  rendered  sterile  it  can  only  become  dan- 
gerous by  being  again  cxintaminated.  For  example,  a  room  requires 
only  to  he  disinfected  after  a  case  of  infectious  disease.  A  wound,  on 
the  other  hand,  even  though  completely  disinfected  may  become  con- 
taminated again  very  easily  and  an  antiseptic  may  be  required  to  prevent 
the  further  growth  of  microbes.     Many  substances  are  disinfectant  in 
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Iirpf  qiuintiticA  ami  antiseptic  in  more  dilute  Bolutions,  but  others  are 
loo  w«ik  to  disiuffct  tlion)iigh!y  tliougli  tliey  rt'tarcl  the  growth  of 
|«tlm;»i*uir  i»rgaiiisiU8,  and  still  othors  may  lie  employed  to  disinfect 
liut  nn?  unstiitahle  for  use  an  antiseptics,  either  heeause  they  are  t(M) 
inifiuntiuti  to  be  applied  for  a  sufficient  time  or  beeauBe  they  lose  their 
tffert^on  the  microbes  (peroxide  of  hydrogen  group). 
Tbi' 11869  of  theanti8<'pti(V4  and  disinfectants  may  he  stated  a8  followa  : 

1.  To  Disinfect  Booms,  Pumiture,  Clothes,  etc.  —  For  these  |iiiq»oses, 
tth'  !l^^^nge>!  and  eheapi-st  drugs  whicli  do  not  ac^uajly  injure  the 
objects  may  be  employed.  None  of  the  aromatic  scries  is  very  trusts 
wijrthy  here,  although  carlxilie  solution  has  l)een  employed ;  the 
piMfiiudit^infetitants,  fonnaMchyde  and  Hulphurous  acid,  are  much  more 
filicicnt.  For  the  disinfection  of  the  cxcrementa,  crude  carbolic  acid 
ami  tar  have  lH*en  advocate<l. 

2.  To  Prevent  the  Infection  of  Wounds  in  surgery.  This  was  first 
innl  by  Lister's  carbolic  acid  dressing  and  opei*ntive  pi"oeediire, 
ninny  other  antise]>ticR  have  Hinco  bcin   Hubsliiutcd   t\tv  carliolic 

trid,  and  the  use  of  antiseptics  during  ofierations  on  miinfeotcd  organs 
litt  givrn  way  to  the  aseptic  method.  For  um?  during  ojierations  on 
infected  wounds,  the  disinfectant  must  lie  soluble  or  niii^cihle  in  water, 
■ndmipht  to  pnxluce  as  little  irritation  as  possible,  but  there  is  less 
Ukflihood  of  seriouh  j>oi.coning  or  irritation  from  the  use  of  antiseptics 
bcre  than  frtim  thi-ir  subwijuent  application  to  ihp  wounded  surface  as 
(ipesiings.  The  importance  of  avoiding  the  use  of  irritant  antiseptics 
in  oivntions  on  delicate  structures,  such  as  tlie  peritoneum,  has  only 
U-en  fully  recognized  of  late  years.  Where  a  dres.sing  has  U*  be  applieti 
for  6« nut'  tim(%  nn<l  esjK'cially  when  the  Mounded  snrfaee  is  large,  as  in 
tlu*  nkfR  of  burns  or  large  ab»4cesseBj  the  danger  of  absorption  has  to  be 
Ittkeo  into  consideration,  and  antiseptics  ought  therefore  to  bo  chosen 
vliicli  orr  either  ahi^orlied  slowly  or  are  not  very  poisonous  to  man. 
The  fntjucnt  occurrence  of  ni«»re  or  less  severe  carlxdic  intoxication 
bafi  led  to  its  employment  being  n)uch  more  restricte<l  than  fitrmerly, 
wbilr  tbe  U^«  soluble  orless  p«tisonous  antiseptics  have  taken  its  place. 

3.  In  the  Treatment  of  Skin  Diseases  the  danger  of  absorption  is  even 
gTwtcr  than  in  the  dressing  of  wtiunds,  as  the  al>sorbing  surface  is  often 
vrn'  iiiurh  niort*  extensive,  and  in  addition  the  more  irritant  antiseptics 
«» *Jniiiu?ly  not  admissible  here.     In  many  eases  of  successful  tix-at- 

wilh  iKMJies  of  the  aromatic  series,  the  remedy  seems  to  act  not  only 
iM^ptie  but  also  as  a  mild  irritant  and  astringent.     Pyn>gallol 
by  w>n»e  dermatologists  to  be  of  value  only  from  its  rcdnc- 
un  depriving  the  BU]K>r^cial  tissues  of  their  oxygen. 
Tbe  anti^'ptii^  have  been  frequently  employe*!  for  their  Dijdn- 
Ibttent  Action  on  the  Bowel,  and  as  far  as  the  putrefaction  of  the  in- 
contents  is  concerned,  with  success.    The  disintegration  of  the 
feod  hy  mirn>bcs  in  the  Iwiwel   mav  be  estimatfMl  by  the  amount  of 
dtfti  atcfi  appearing  in  the  urine,  and  in  several  series  of  exper- 

famL  -    have  been  found  to  be  n»>iably  diminished  by  Ixxiies  of 

tbe  smmatic  fteriea.     Fewer  micr(»l>es  have  been  found  in  tlie  fa>cc& 
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also  after  these  antiseptics  have  beeu  administered.  When,  however, 
bacierial  iutection  of  the  wall  of  the  bowel  is  treated  with  these  anti- 
eepticft,  the  results  are  less  fav<»r«i>le.  In  typhoid  fever,  in  whieh  tiie 
subject  has  been  moHt  frequently  examinetl,  tlic  number  of  the  typhoid 
bacilli  in  the  stools  has  not  been  lessened  to  any  noticeable  extent,  and 
the  majority  of. clinical  observers  neem  to  l>e  very  sceptical  as  to  any 
relief  of  the  symptoms  being  attained  or  of  the  duration  of  the  dis- 
ease bcinp  shortened  by  their  use. 

Any  drnj^  used  for  the  disinfection  of  the  intestine  must  not  Ihj  irri- 
tant, nor  very  poisonous.  It  must  not  be  too  soluble,  since  otherwise 
it  may  be  absorlieil  i'rom  the  stonmch  and  fail  to  reach  the  bowel,  and 
on  the  other  hand  it  must  Ik»  soluble  to  some  extent,  or  it  cannot  mix 
very  intimately  with  the  contents  of  the  intestine.  Carbolic  acid  is 
scan^cly  fitted  for  this  purpose,  for  it  irritates  the  stomach  and  is  ah«o 
rapidly  absorbed.  Some  of  the  cresola  have  been  rccttmmended  of  late 
years,  and  tlie  nuphtalin  preparations  have  also  cnjoyeil  some  repu- 
tation. Salifl  and  its  congeners  have  the  advantages  of  being  almost 
completely  insoluble  and  harniless  in  the  stomach  and  of  lK.'ing  dis- 
solved and  reiiilered  active  by  the  intestinal  juices,  and  have  l>oen 
found  of  value  in  excessive  putrefaction  of  the  contents  of  the  bowel. 
It  has  to  be  added  that  putrefaction  in  the  bowel  is  best  treated  by  its 
evacuation  by  a  purgative,  such  as  one  of  the  mercurial  pivjiarations, 
which  iilsi)  have  a  high  antiseptic  value. 

0.  The  antiseptics  of  the  l)enzol  series  are  excreted  in  great  part  by 
the  kidneys,  and   the  urine  is  thus  rendered  weakly  antiseptic  and 
irritant.     This  fact  has  been  taken  advantage  of  in  the  treatment  of  ^ 
Septic  Diseases  of  the  Bladder  and  Urethra ;  the  drugs  used  f<»r  thi«f  pur-  I 
pose  must  not  be  too  irritant  to  the  gastric  mucous   membranes,  and 
must  be  easily  absorl>e<i,  and  not  dangerously  poisonous.     Hero,  again,  J 
s:ilol  has  been  found  of  value  as  well  as  salicylic  acid.     The  forms  in  fl 
which  the  benzol  derivatives  are  exci*eted  by  the  kidney  are  generally  " 
much  less  irritant  and  antiseptic  than  that  in  which  they  are  admini:^ 
tered.     In  estimating  the  value  of  each  as  a  urinary  disinfectant,  it 
mu>t  also  be  rememberefl  that   many  of  them  are  liable  to  undei^ 
oxidation  in  the  urine  itself.     (See  also  copaiba  series  and  nrolnipin.)    \ 

G.  Small  fpuuititiosofsoraeof  themore  volatile  members  of  this  series, 
especially  of  liu*  hydroearlxms,  esi^njK'  by  the  lungs,  and  this  has  led 
to  their  use  in  Puliaoaary  Disease,  esiK'cially  in  piithi:!i<^.  It  may  l>e 
stated  at  once  that  c^'irefid  observers  are  almost  all  united  in  the  belief 
tliat  the  internal  administration  of  these  reme<lies  has  practicalJy  no 
antiseptic  effect  on  the  microbes  in  the  Itings.  Some  relief  is  often  ob- 
tained, but,  it  is  believed,  only  tlir<jugh  their  disiufeetant  action  in  the 
stomach  and  bowel.  Antiseptic  remedies  have  also  been  inhaled  in 
vapor  or  spray  and  have  been  injected  into  the  trachea  and  even  into 
the  lung  directly,  but  as  far  as  the  tubercle  bacillus  is  coucemed,  they 
have  had  no  result  in  the  hands  of  the  vast  majority  of  physicians.  In 
cases  of  gangivne  of  tlie  lung,  frrtid  bmnchitis,  etc.,  the  inhalations  re- 
lieve the  patient  to  some  extent,  and  certainly  lessen  the  ofienaive  odor. 
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The  use  of  antiseptics  to  Destroy  Pathogenic  Qerms  in  the  Tissues 
liter  Absorption  is  very  lioiitcd.  It  is  now  rccogni/eil  to  be  hopeless  to 
lUctnpt  to  iind  a  single  bo<ly  whieh  Mill  destroy  all  forms  of  bacteria  in 
the  tisstie»,  while  leaving  the  ho^t  uninjured,  but  there  i^'  still  reason 
to  Wlieve  that  in  the  future  specific  antiseptics  may  be  found  for  at 
lost  bome  of  the  constitutional  diseases.  8uch  a  sprcitic  action  is 
iC(n  iu  the  effects  of  quinine  on  the  organism  of  malaria,  of  salicylic 
wd  in  rheumatic  fever,  and  of  mercury  in  syphilis,  all  of  these  ap- 
lart'ddy  acting  m*)re  strongly  on  the  cause  of  the  disease  timn  on  the 
tiwues.  of  tlie  p;itient.  AVhile  it  may  be  hoped  that  the  antiseptic 
hvatmcnt  of  internal  maladies  has  not  rt"achcd  its  ftnal  limit,  the  only 
(uMittitional  disease  in  wliich  tlie  aromatic  series  has  been  shown  to 
be  of  inrontestable  value  is  acute  rheumatism,  aiul  in  many  other 
cooditions  which  were  ibrmerly  treated  with  iK'nzol  antiseptics,  they 
haw  priived  rather  injurious  tnan  otherwii'e.  Renewwl  interest  has 
been  ar»ju>ed  iu  this  tjuestiou  recently  by  the  proposal  to  treat  septic- 
9ak  by  the  intravenous  injections  of  antiseptics,  but  investigation  has 
jWwn  that  even  the  least  dangerous  cause  sympU^ms  of  poisoning  in 
miM'h  smaller  quantities  than  W(»uld  be  necessary  to  render  the  blnod 
au  antiseptic  .solution. 

Tltere  is  reason  to  believe  that  solutions  containing  several  of  the 
beorol  series  are  more  strongly  antiseptic  than  those  containing  an 
wiual  jiercenlage  of  the  indivi<lual  pure  Ixnlies,  and  that  the  mixture 
tif^uchn  body  as  carbolic  acid  with  an  antiseptic  of  another  kind, 
tj*,  mercuric  perchloride,  is  still  m()re  eflieient  than  the  correspond- 
lug  proportion  of  eitlier  alone.  This  appears  to  be  due  to  a  change  in 
lite  M)lubility  of  the  disinfectant,  at  any  rate  in  some  eases.  If  a 
poison  is  to  penetrate  into  the  interior  of  an  organism  in  quantity  it 
Diiirt  be  as  soluble  in  the  protoplasm  as  in  the  fluid  in  whieh  it  is  ap- 
plied, fnr  it  is  obvious  that  it  will  not  leave  a  nutlium  in  which  it  is 
fEuiily  soluble  for  one  iu  which  it  is  dissolved  with  ditlieulty.  Ac- 
ttffdia(jiy  it  is  found  that  fats  and  oils  in  whieh  the  niembt  r,s  of  the 
sn«i)inic  series  are  very  soluble  are  not  suitable  as  media  tbr  their  ap- 
I>lii^tiou,  for  the  poisons  remain  in  the  oily  menstritiim  arnl  (iiil  to 
l>PiH'lrate  the  microbes  in  which  they  are  less  soluble.  On  the  other 
W,  the  addition  of  inorgaiiii'  salts  to  an  a^jueous  solu(i<tn  of  carbolic 
wd  uftcn  increases  its  antiseptic  power,  because  the  poison  becomes 
KWsijluble  in  the  water  and  shows  a  greater  tendency  to  escape  from 
II  'i»to  the  interior  of  the  microbes. 

File  in  the  Tissues. — ^The  fate  of  the  members  of  the  aromatic  scries 
'n  iLc  IhkIv  is  very  uniform  in  one  respect  —  the  l>enzo|  ring  is  rup- 
^'M  only  with  great  difficulty.  In  the  great  ninjority  of  cases  the 
*«&ngps  which  these  substances  nn(lergt>  in  (he  tissues  rificct  only  the 
"ydro^n  or  the  side  cliains  attached  to  the  earbon  atoms,  and  leave 
"'*fonn  in  which  these  last  are  attached  to  eaeh  other  unchanged. 
Hie  chief  exceptions  to  this  rule  arc  pyrogidlol  and  gidlic  acid,  which 
^^  to  undergo  more  or  less  complete  oxidation  to  carlxjuic  aeid  and 
T.  iSome  oxidation  takes  place  in  the  aromatic  series,  however, 
fliiupler  forms,  such  as  l>enzol  and  aniliucj  tending  to  form  hydroxy! 
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c<im|>ouiidM,  while  those  with  a  side  chain  formed  of  methane 
tivos  tend  to  oxidize  it  to  curlwxyl.     The  oxidation  of  the  l»enxol  nun- 
poundn  in  ti»e  tissues  therefore  results  in  the  formation  of  oi^btautJl 
and  arom£Ltic  acids,  and  thid  oxidation  is  probably  not  limited  tour 
one  particular  tissue  or  organ.     These  bodies  are  not,  however,  ex* 
cretwl  in  this  form  in  ordinary  cases,  but  enter  into  secondary  combi- 
nations  in  which  they   ap[)ear  in  the  urine.     The  hydroxy! 
unite   with  milphuric  and  glycuronic  acids  to  form  double  m 
(cther-sulphuriti  acid  salti?)  and  glycuronates,  while  the  aromatic  t 
are  excrete*!  in  combinations  with  glycocoU,  which  are  known  as 
puric,   salicyluric,   etc.,   acids.     The   last  synthesis  pmbably    occnw 
chiefly  in  the  kidney,  while  the  double  sulphates  are  said  to  be  fonncd 
in  the  liver. 

A  few  examples  of  the  changes  undei^ne  in   the  tissnea  may  dii- 
cidatc    the  above  statement.     Benzol   (C^jH^)   is  oxidized  to  pb 

(CjH^OH),  and  to  dioxyl>en7ols  (C6K4<nH  I '  ^^**^  combine  i: 

kidney  with  Bulphuric  and  glycuronic  acids  to  form  phenol-stilpbti 
(CjHjO — -SOjH)  and  phenol-glycuronie  acids,  and  the  a»rrop<Hi".i- 
ing  dioxyben»>!  compounds.  Toluol  (C'^H.j — CHj)  is  oxidizwl  ^ 
benzoic  acid  (C^TI. — COOIT},  which  combines  with  the  glycotvll  i»> 
the  body  to  form  hippuric  acid  (C,H,CO— NHCH,COOH).    XyW 

l<^'jH^<p„*l  is  oxidized  only  in  one  side  chain  and  forms  toluic  »cw 

CjII^<^^  JL. .,  J ,  which  is  excreted  in  combination  with  glycocol!  « 

tohiric  acid. 

Although  a  general  resemblance  exists  in  the  oxidation  pro<lncts  of 
these  IxKlies  iu  the  tissues  and  in  the  forms  in  which  they  are  excrelctl, 
considerable  differences  are  noted   in    the  details.     Thus,  naphtalin 
undergoes  the  same  oxidation  as  benzol,  forming  naphtol   in   place  of 
phonol,  but  while  the  phenol  apjiears  in  the  urine  in  combination  with 
sulphuric  acid   almost  entirely,  the  naphtol  combines  with  glycuroaio 
acid  for  the  most  |iart. 
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(^H)olic  acid  or  phenol,  the  first  of  the  modern  antisepties  to  be  in- 
tmdoocd,  acts  like  thp  rest  of  the  simpler  benzol  com|x>uiK]H  aa  a 
OlBitil  Protoplasm  Poison,  althntigh  in  the  vertebrates  it  nets  more 
powerfully  on  the  central  nervoim  system  than  on  the  other  ti.ssTics. 

lu  [Mtiwinous  effects  are  well  seen   when  it   is  applied  to   nniecl- 

taUr  organtsnifi  such  as  the  protozoa^     Even  dilute  solntion><  cause 

iBnudiftte  arn*st  of  all  movements  ;  the  oi^nnism  assumes  a  spherical 

ibpe  and   loses   its  trnnsparency,  and,  unless   the   solutinn   be  very 

AdcQufttptI,  dies  In  the  oiiurse  of  a  few  minutes.      P/anf  rt'Ih  are  aeto^l 

on  in  the  same  way,  and  the  individual  cells  of  more  highly  orij^nizcd 

iiiimaU,  sunh   as   tlie  r/7/ri/rt/  epitficfitun  of  the  air   passages  and   the 

iftmaioioti,  are  kille<I  at  once  when  bmught  in  contact  with  carbolic 

•ol    There  is  .some  evidence,  however,  that  very  dilute  solutions  of 

arbolic  add,  as  of  other  antiseptics,  tend   to  increa.se  the  activity  of 

pnjtvptaflm.     Thus  Biernaeki  and  Schnlx  have  found  that  while  solu- 

liiwof  phi^nol,  such  as  are  used  as  8urgic:d  antiseptics,  are  immediately 

&Ul  \i}  the  yeast  plant,  very  dilute  solutions  increase  its  activity.     The 

«ff«i  of  tmrbolic  acid  on  protf^plasm  ha.s,  however,  been  studied  chictly 

in  tko  liOiieria^     Its  antiseptic  power,  while  always  considerable,  is 

ffiund  to  yary  greatly  with  the  species  of  raicrol)e.     Thus,  while  it  is 

fcirly  p»_>isonou8  to  the  ordinary  pyogenic  organisms,  it  has  to  be  present 

in  T^rr  concentrated  form  to  destroy  the  mor*»  rf^sistant  spores  of  an- 

nd    like    other   antiseptics,   is    much    less    poisonous    to    the 

than  to  the  protozoa  and  other  simple  forms  of  life.     The 

;  and  reproduction  of  many  microtirganisms  has  been  found 

•  lolayed,  or  altogether  prevcntt*d,  as  long  jis  tliey  remained 

luh<tn  of  one  part  of  earl)olic  acid  in  -lOO-KO^I  parts  water,  l»ut 

onler  U^  kill  the  spores  very  much  more  conwntrate<.l  solutions  (5 

oenl.)  wore  required,  and   Koch   found  that  the  spores  of  the 

rax  bacilli  were  destmyed   by  5   |M»r  cent,  carbolic  solution  only 

they  bad  remained  in  it  for  two  days. 

spems  to  var)*  con.sitlerably  in  its  action  on  the  unnrgfjnizrti  ft^'~ 
;  thus  it  is  said  not   to   retartl  appreciably  the   fermentations 
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prwluocd  by  cmulsin,  diastase  and  myrosin,  even  when  present  \u  the 
solution  up  to  6  per  cent,  while  [>epsLnj  ptyalin  and  the  rennet  fer- 
ment are  weakened  hy  somewlmt  smaller  quantities. 

Carbolic  acid  precipitates  Proteids  in  solution  and  also  in  the  oclU. 
It  does  not  seem  to  enter  into  any  sueh  firm  wimbination  with  them  as 
is  formed  wlien  tannic  acid  or  a  salt  of  one  of  tlu'  iieavy  metaln  i?  abided 
to  a  solution  of  proteid,  for  it  can  be  washed  out  of  the  precipitate 
with  comjMirativo  ease.  Its  action  in  precipitating  albumins  may 
rather  be  oom|)ared  to  that  of  alcohol,  in  wliicli  the  proteid  is  precipi- 
tated, not  l>ecause  an  inrtolublc  eomprmnd  is  formed,  hut  iK^cause  of  a 
change  in  the  nature  of  the  solvent.  It  reiiulls  from  this  that  carbolic 
acid  penetrates  more  thoroughly  than  the  metidlic  antiseptics,  which 
are  rendere<l  insoluble  by  the  albumin  they  meet,  and  whowi*  actiuu 
tlierefore  tends  to  remain  contined  to  the  surface. 

This  coagulation  of  the  proteida  occurs  wlienever  carbolic  acid  ia 
brought  in  contact  with  the  tissues.  On  the  Skin  a  white,  opaque  scar 
is  formed  by  concentrated  pbcnol,  which  tjecomcs  red  and  shining  af- 
terwards and  then  falls  oif  in  n  few  days^  leaving  a  light  brown  stain 
which  may  rt! main  i'or  several  weeks.  Kven  a  five  per  cent.  8<»!ution 
applied  to  the  fingers  produces  tingling  and  wnrmtli,  which  is  oft*in  fol- 
lowed by  opacity  and  shrinking  of  the  epidermis  and  a  sense  of  numb- 
ncsg.  This  numbness  may  amouut  to  almost  complete  amesthesia  if 
more  concentrated  solutions  are  appliwl,  no  pain  being  felt  even  when 
the  skin  is  cut  through.  When  applied  for  some  time  and  prevente<J 
from  evaporating,  carbolic  acid  may  cause  extensive  dry  gangrene  of 
the  part  from  its  penetrating  throngli  the  surface  layer  and  reaching  the 
deeper  tissues.  Appliwl  to  a  Wound  in  live  [K?r  cent,  solution,  phenol 
induces  pain  and  irritation  and  the  formation  of  a  white  pellirlc  of 
coagidated  proteid.s.  It  causes  Irritation  and  necrosis  of  the  Mucous 
Membranes,  and  if  ap|>lied  in  snfBeient  quantity  may  lead  to  sloughing 
and  uiMitc  inllainriialion.  This  l<»t%d  ettect  niay  prove  fatal  fn»m  shock 
an<l  collapse  when  large  quantities  4^f  the  undiluted  acid  are  swallowed, 
tlie  eft'ect  resembling  exactly  that  pnxluced  by  other  corrosive  sub- 
stiinces. 

Apart  from  its  local  action^  carbolic  acid  has  important  effects  after 
its  absorption  into  t!ic  blorMl.  The  most  marked  of  these  are  the 
changes  in  the  Central  Nervous  System.  When  a  small  quantity  of 
carlM)lic  acid  in  injecttul  into  the  //w/,  the  fii-st  symptoms,  apart  from 
ihoH*^  produced  by  the  pain  of  the  injection,  consist  in  an  unusual  quiet 
and  in  the  alisence  of  the  spontaneous  moveraentn.  Later,  quivering 
of  individual  muscles,  and  apparently  of  the  individual  bundles  of 
muscle  fibres,  sets  in,  and  this  is  soon  accompnnied  by  an  increase  in  the 
reflex  irritability  and  eventually  by  convulsions  !*imilar  to  those  seen 
after  strj'chnine.  These  movements  gradually  become  weaker,  and 
eventually  complete  paralysis  is  inducted,  while  the  heart  continues  to 
beat  and  the  muscles  and  nerves  react  to  the  electric  shock.  A  dilute 
solution  ttf  cjirlwdic  acid  applied  directly  to  the  exposetl  spinal 
oord    paralyzes    the    sensor)'   elements   immediately,    wliile    leaving 
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«i»ffwtwl  the  motor  fibres  and  the  cells  of  the  anterior  horn  (Bag- 

«3ai). 

In  mnmmaUt  a  very  similar  set  of  symptoms  ore  prtniuced,  save  that 
Yivrc  is  often  no  noticeable  jireliminary  stage  of  depression.  Some 
«ikuc:?ii  and  lethargy  may  be  present,  however,  and  are  followed  by 
marked  muscular  tremor,  wbieh  resembles  the  shivering  produced  by 
«X)ki.  At  intervals  this  is  internipted  by  sudden  twilrhf};  in  different 
ZnUK.*lc9,  and  later  by  clonic  couvuLsions.  TUv.  respiration  and  the 
pnbie  are  at  first  accelerated,  but  afterwards  arc  slt)\v,  irreguhir,  and 
W€ik.  The  movements  become  feeble  and  ap|M*ar  at  longer  intervals, 
-tbe  respiration  is  shallow  and  irregular,  and  the  animal  passes  into  a 
condition  of  eollap*ie,  in  which,  liowever,  the  sensibility  to  pain  is  often 
prewrved.  Kventually  death  occurs  from  asphyxia.  After  ver}' large 
di»«cs  the  etdlajjse  may  be  inmietliate,  no  convulsions  being  observed, 
tLe  heart  an<I  respiration  often  ceasing  simultaneously.  In  most  cases 
atlivation  is  a  marked  symptom,  and  the  temjtcrature  often  falls  far 
Wow  the  normal. 

In  vutftf  tHxivulsions  are  comparatively  rarely  seen.  When  large 
qiiQUtities  are  taken,  immediate  unconsciou8ii<>>is  may  result  and  death 
follow*  within  a  few  minutes.  How  far  this  in  due  to  the  local  cor- 
^)>JioD,  and  how  far  the  direct  action  on  the  ceiiind  nervous  system  is 
involved,  cannot  he  determined.  In  more  gradual  p(Ms<tning,  de- 
|ire*ion  and  weakness,  hea<lache,  nausea  uimI  v')niitin^  are  followetl  by 
giddinefiB,  noises  in  the  earM,  pnllor  and  cnllupse,  wirh  Irregular  pulse 
nA  respiration,  and  cold  perspiration  ;  fainting  and  unc<:jnseiousncss 
lliMi  lead  to  failure  of  the  breathing,  and  death.  Delirium  nud  cxcitc- 
Bwnt  have  Ix'cn  observed  in  some  cases.  Fatal  poisnnirig  may  arise 
frum  swallowing  the  concentrated  or  dilute  solution,  or  from  absor|)tion 
fnm  wiiunds  and  al»ftcesBe8.  It  has  alao  occurred  in  man  from  absorp- 
tion through  the  unbroken  skin. 

The  autojisy  sometimes  gives  no  speeial  indications  of  the  cause  of 
•^'■ath,  save  the  lotail  corrosion  of  the  alimentary'  eanal.  lutiammatiifn 
ind  necrosis  of  t\\e  intestine  is  said  to  have  Ix'cu  observed  in  some 
^ases  in  which  the  poison  was  absorbed  from  skin  wounds,  and  fatty 
"«KwitTati(in  is  sometimes  induced  in  llie  Hver  and  ibc  rvuu\  epithelium, 
'jwiii  not  erinstant. 

Tlie  i-nnvnlsions  in  the  frog  arise  from  an  im-rease  in  tin*  irritability 

•^tij^'-jjinal  o^rd,  especially  of  the  cells  of  liie  anterior  hiprn  (Baglioni), 

»f  iky  are  not  arrested  by  sectirtn  of  the  tne<hdla  i)blong:ita.     In 

"^tiimals  tlie  sudden  contractions  of  isolated  muscles  ajipear  due  to  a 

*'Oiil»r  action   on   the  spinal  cf>rd,  but  the  clonic  conviilwions  and  the 

pt^OMsIcnt  tremors  are  probably  of  cerebral  origin,  mid  Ji^'rkholz  found 

wii^cerebra!  cortex  abnormally  irritable  after  carbiflic  aci<l.     The  rarity 

rfwnvulsious  in  muu  lias  not  been  satisfactorily  explained.     In  some 

c>*«  the  course  of  the  intoxication  is  too  short,  the  largo  araoimt  of 

/»i*.tn  swallowMl    inducing    ironiediate  ettltapse,  while  in  others  their 

ihwmv   may  Ik*  due   ti»   tlie  tlrl«ility  i>f  the  f>ati(.nt  tmin  disease;  but 

in  a  considendili-  ntimlwr  of  cases  of  jwisoning   in  which  neither  of 
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theeo  coaditioiis  was  preBcnt,  do  convulsions  were  observed, 
ilar  contrast  between  tlie  effects  of  a  ixjison  on  the  lower  aninu 
on  man   has   bc^n   mentioned  already  under  morphine.      In  all 
the  primary  etinuilation  of  the  central  nervous  system  is  follow«I| 
depression  and  paralysis  if  large  dnsos  are  administered. 

The  acceleration  of  the  Sespiration  and  of  the  Heart  seen  ii 
tniih  has  been  supposed  to  be  an  indirect  result  of  tlie  increasedj 
cular  movement  and  convuIsionR,  but  this  seems  to  )>e  incoi 
the  heart  is  found  to  Ix'  accelerated  before  the  convulsive  movenu 
and  tremor  appear,  and  the  frog's  heart  is  accelerated  in  eases  wl 
no  movements  whatever  occur.  It  would  seein  pritbable  tl 
acceleration  of  the  heart  is  due  to  direct  action  on  the  muscU 
the  regulating  nerves.  The  subsequent  slowing  is  undoubtedly 
muscular  action. 

The  acceleration  of  the  respiration  precedes  the  increase<l 
nient  also,  and  wouhl  therefore  seem  to  be  due  to  action  on  the] 
uliary  centre,  which   is  first  stimulated   and   later   paralyzed, 
vaso-raotor  centre  is  flai<l  by  Gies  to  be  depressed  at  once  by  the 
tion  of  carbolic  xicid  into  the  blood,  but  it  may  be  questioned  wbc 
it  too  is  not  first  excited  when  the  poison  is  absorbed  more  sioi 
It  is  undoubtedly  ilepressed  in  the  later  stages  of  poisoning,  am 
together  with  the  weakness  and  slowness  of  the  heart,  causes  a 
the  hlnod-pros.sure. 

Tlu'  pi-ripherul  Nerves  and  Muscles  do  not  seem  to  be  affe 
general  poisoning  in  mammals,  although  in  the  frog  their  irritab' 
and  the  cjtpacity  for  work  of  the  muscle  may  be  somewhat  re^ 

On  tlie  direct  application  of  solutions  of  carbolic  acid  to  the  ■ 
or  muscles,  these  are  at  once  killed,  Hke  other  forms  of  living  ma 

The  in<;rea.sed  Secretion  oi'  saliva,  (M^rHpiration  and  tears  whic 
seen  in  poisoning  in  mammals  is  prt)bably  of  central  origin^ 
]x>ssibly  Iw  associated  with  the  nausea  and  vomiting. 

The  fall  in  Temperature   in   earbolte  acid   poisoning  seems, 
main   part,  to  l>e  due  to  the  collapse,  although  it  is  impossible 
how  far  ihin  may  be  aided  by  some  altenitinn  of  the  n.'gulatin| 
tion,  such  as  is  seen  i[i  the  closely  related  group  of  the  antipyretii 

Carbolic  acid  addtnl  to  the  defibrinated  Blood  leads  to  the  slow  fi>! 
ti<m  of  methiemoghibin,  but  this  tloes  not  occur  in  the  living  aill 
Occa-iionally  some  destruction  of  the  red  bloo<l  cells  is  cause 
animals  through  the  injection  of  carlx.ilic  acid  directly  into  th 
vessels,  and  in  one  case  of  ijoisoning  in  man  haemoglobin  was 
in  the  nriiie,  indicating  that  some  of  the  red  cells  of  the  bl< 
Ui'vu  destroyed. 

Excretion. —  Carbolic  acid  jxissas  through  the  tissues  unoxidizw 
the  most  jmrt,  but  a  titrtain  proportion  of  it  undergoes  a  |iartial  oj 
lion  to  hydroquinone  and  pyrocatechin.  These  combine  in  tlie  I 
with  sulphuric  and  glycuronic  acids,  and  are  excreted  in  the  urii 
double  sulphates  {ether  sulphates)  and  glycuronates  of  phenol,  bj 
quinone  and  pyrocntcchin.     The  two  last-named  bodies  are 
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[a&sUhle^  and  tend  to  undergo  further  oxidation,  tbrougb  wliicli  colored 
t-ubmanoes  are  formed.  When  carbolic  acid  ims  been  al:)»orbod,  tbere- 
fito'-,  the  urine  tends  to  aissume  u  dark,  du.sky-green  n»K>r  wbioli  nmy 
cbaoge  to  brown  or  even  black.  This  change  may  occur  in  the  body, 
and  (he  urine  is  very  often  passed  of  a  green isli-brown  color,  but  furtlier 
oxiiLition  takes  place  on  ex{M>8ure  to  the  air,  resulting  in  dee|»er  coloru- 
tioQ  wltich  commences  at  the  surfacte  of  the  fluid  and  gradually  extends 
lUottiiward^,  The  depth  of  tJie  aiiade  doj>pnd8  not  on  the  amount  of 
lol  iiulphate  in  tlie  urine,  but  on  that  of  the  dioxylx'nzoln,  and  a 

rker  urine  is  often  observed,  thereforcj  when  the  absorption  has  oc- 
currwl  from  an  open  wound  (in  which  the  oonditioiiH  arc  esjiecially 
favorable  to  oxidation)  than  from  much  larger  quautitics  absorbed 
fmin  the  alimentary  canal. 

The  presence  of  glycunmates  in  the  urine  may  lead  ti>  its  reducing 
Feliling's  solution,  and  tlms  give  rise  to  the  suspicion  of  glycosuria. 
On  the  other  hand,  the  passage  of  these  bodies  through  the  kidney 
olVmcaudCS  some  irritation  and  al)>umii)uria.  The  double  sulphates 
of  ti»e  urine  are,  of  course,  much  increased,  and  in  the  dag  the  whole 
of  tLc  ordinary  inorganic  sulphates  may  disappear,  the  urine  contain- 
ing only  double  sulphates. 

The  OhlorphenoU,  in  which  chlorine  is  8iil>stituted  for  one  or  more  of  the 
byilrogtu  atoms  of  rarlwlic  acid,  are  much  more  poisonous  to  microorgan- 
fcwwihtttt  the  original  substance,  but  art*  also  souewliat  more  poisoiunis  to 
uultf.  so  that  they  Inive  not  Ki^n  mui-h  used.  A  similar  intensifying 
•■^tt  ts  seen  in  the  chlorine  substitution  jjroductaof  the  narcotit-  series,  c.  <;., 
cbloroforra.  The  moi»t  poisoiiou»  of  the  inonui'hlor-phenolfl  is  |>arnfhlc»riihe!iol. 
B«jiDol  nr  tribrotnphcnol  has  been  used  to  a  limited  extent  in  therapeutics 
•a •disinfectant  and  caustic. 

PREPARATION'S. 

Acu>rM  Carbolicttm  (B.  P.).  Phenol  (t^  S.  P.).  carbolic  acid  or  phenol 
(C,HjOII)  fonns  lolorlcsB,  deliquescent  Lr>'«taU  when  rcL-enUy  pTOpurtd,  but 
*''«ii  MHime^  a  reddish  tinge  fn»m  oxidation.  It  has  a  characteristic  odor  and 
*•  intrrwely  corrosive.  It  is  sohible  in  aliout  10  parts  of  watt-r,  but  i>ccomes 
^■id  when  10  parte  of  water  are  added  to  90  of  the  crystals,  fonniug  the 
^fid»m  (.hrbo/ir^tm  Lique/actttm  {B.  P.),  Pftmof  IJijur/nrtum  {V .  «.  \\).  This 
■tiil  bftcarcfully  distinguished  from  the  ordinary  wdutioji  of  carbdlic  acid,  which 
owuinnonly  about  5  |>er  cent,  of  phenol,  while  the  liquefied  carbolic  acid  con- 
Wtoi  iiboat  yo  per  Cf  nt. 
Curl-.lic  Hoid,  0.0:i-0.2G.  (j-S  grs.). 
'        'fd  carinilio  wid,  1-3  mins. 

i/M»i  Phi-nun*  {D.  8.  P.),  Olyeerinum  Aeidi  Carboiici{B,V.),  20  per  cent 

ill'  acid  in  glyt^rin. 

<,(um  rhcnoiin,  U.  S.  P.,  5  per  cent.;  Un^iaitum  Acidi  Carbolici,  B.  P., 

■*  i-f   .'JUL 

Tr.rAiViw  Acidi  Carbolici  (B.  P.),  each  contiiining  1  gr. 
■"^^ppmtoria  Addi  Carbolici  (B.  P.),  each  containing  1  gr. 

^tapeutic  TTses. — Carbolic  acid  is  used  as  an  antiseptic  in  surgical 
'ti<nis  in  2-5  |>cr  cent,  soluliou  in  water.      It  now  plays  a  much 
inJlwrtant  n>le  in  surgery  than   it  did  in  the  first  days  <jf  anti- 
"i;  in  fact,  in  many  clinics  in  which  it  was  ouce  the  only  anti- 
*^P*^  Used,  and  in  which  it  was  applied  in  all  tlic  maniibld  prepara- 
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ttt)DS     tlien  known,  carbolic  acid  is  now  employed  <»rilv 

iDslrtitnenta  fmra  infection.     This  change  Ls  no  doubt  iiar/ilnt'^r  '*" 

apprelieusion  of  its  irritant  action,  and  to  the  occasional  oas  •  '  f  *  •'** 

oning  which  occurretl  from  its  use,  but  chiefly  to   the  ah*^  i*    ^^^ 

eurKieal   techni-iuc  which  have  been  introduced   since   thou^lTJ^ 

method  was  Hrst  invented.     The  tendency  now  is  fo  r^u\t  .1      ""P^ 

aiitisopticfl  to  a  imnimiim  and  to  trunt   insU-ad   to  stncf*-r     /^ 'V?  **' 

and    asepsis.     Ita  irritant  action  and   the  danger  of  absor.M^n  K 

also  rendered  it  unpopular  as  a  dres-^ng  or  lotion  after  01  Jmr' 

injuries,  where  there  is  any  large  absorU»nt  surface,  or  when;  •    V"^'"" 

13  liable  to  »je  injurious,  a.^  in  most  forms  of  skin  disease        '  '""^^^^^ 

It   is  still   used  as  a  disinfectant  in  septic  wonndj?    thoi    \ 
reliance  is  now  placed  on  corrt^sive  sublimate  an<!  th<»  oxidi^*  gn^atw 
cides,  such  as  hydnigeu   jHjroxide.      Strong    carliolie    acid  "hf  ^I^" 
applied  to  disinfect  wininds,  its  poisonous  effects  bein?  «v^;^    1  u    • 
niediatcly  washing  it  off  with  alcohol.  ^  axoided  by  im. 

Iiarrinf;toti  has  recently  drawn  attention  to  the  danger  of        I  ' 
dilute  solutions  in  l»andages  to  injnad  fingers  and   hands  •  k^r^'"! 
reconls  of  over  a  hundred  cases  in  whicii  this   had   h'd  to     *^     ' ' 
necessitating  amputation.  gangrene 

Carbolic  acid  has  also  been  employed  as  a  caustic    th     1'      (^tJ 
preparation  being  preferred  for  this  purfKise.     It  is   Je^^  pa1nfld"tfiai. 
other  caustics  owiug  to  its  anaesthetizing  action,  hut  it  is     h    1 
efficient. 

Its  local  action  on  the  sensory  nerve  terminations  has  been  *T  «J 
in  itching  skin  diseases  and  it  may  be  noted  that  some  recent 'll-al 
aniesthetics  are  benzol  derivatives  (see  page  314).  The  ir  M 
of  dwp-wated  abscesses  and  inflammation  by  the  Iix\-il  \^\.  .•  e 
carbolic  acid  solutions  has  passed  into  desuetude,  and  a  Kiriil  (tm. 
has  befallen  its  use  to  limit  the  extension  of  erysipelas,  Xhe  sunvuMH 
carl>olic  acid  b:is  bitni  advist^l  in  laryngeal  and  pulmonary  disease  Im^^I 
is  scarcely  met  with  in  recent  years.  A  solution  of  carMio  acid'h^^l 
been  employed  as  an  irritant  to  cause  inflanmiatory  reaction  cimtrif^^^l 
adhesion  and  conseqiiLut  ublittM-atJon  of  small  cvsts,  such  ashvdmf-J^^ 
and  in  nicvus.  '     ^^^A^ 

Internally  carbolic  acid  wiis  tried  as  an  intestinal  disinfectaut- 
in  many  infectious  fevers.     It  causes  marked  irritation  of  thesf/v    *    'fc 
however,  and  probably  little  of  it  reaches  the  Ixtwel,  as  it  is  fcsJ^^V^, 
absorbed,  and  other  less  irritant  and  less  soluble  bodies  have  't^^^^X\  • 
been  substituted  for  it.     Ita  use  as  a  remedy  in  constitutional    ^^^w^** 
is  entirely  obsolete.  ^^      '^ 

It  may  he  prescribed  m  a  pill  or  m  capsules  for  intenial  vx  ^^®*** 
solutions  are  inore  liable  to  oausc  \TnlaUon  •,  only  thp  u*  ^Vw. 
prescribed  either  foi*  internal  or  exUma^  apvVicaiioii.  Cvy^>^»  ^^ 
acid  maybe  employed  to  disiiif^l  s^oo^*^  ^^^^"^*^^  etc,^  ^A^  ^cid  is 
unsuitcd  for  therapeutic  use.  T^W  o\uVu^ent  is  ^^^P^'t^.X-Ka  ^^"^"^ , 
prescribeil,  as  it  is  found  more  ^^xvVas^^  ^^^  T^^  ^^^^^  T^W'  ?["*'  f 
fui  antiseptics.     The  glyccrit^      ^^  ^  "^  "^ '^  ^■^V^^vi.*^ 
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of  carlH>li(!  acul   in   oil  havo  littln  or  no  antiseptic  actionj 
lliey  fail  to  pcnelraU.*  into  the  microbes. 

:.  —  In  curUWiii  acid  ]M)iHoning,  when  it  has  been  taken  by 
Srth,  the  first  treatment  is  the  removal  of  the  i>oison  by  the 
h  tulH',  and  the  athninistnttion  of  dennileents  sueh  as  white  of 

Ibeu  abborptiou  has  oeeurrod  from  the  nkin  or  from  a  wound, 
Bing  should  be  removed  at  on<x'.     l^iuie  suspended  in  ayrup 
I  peeommended  in  caws  in  which  the  acid  has  been  swallowed, 
ope  tliat  an  insoluble  combination  may  be  formed  in  the  stom- 
rhe  combination  of  phenol   with  sidpliunc  aciti  in  the  tis-sues 
mparatively  harmless  lx>dy,  and  liiiuniaiin  and  Preus.se  there- 
te<l  the  adminii^tration  of  sotliiim  iiulphate  in  larg(>  quanti- 
t  is  found,  however,  that  this  is  of  little  or  no  use,  cither  because 
ics  in  which  the  synlJiesis  occurs  are  entirely  paralyzed  by  the 
r  phenol,  or  mi»re  pn>bably  U'cause  the  phenol  does  not  «)mbine 
phatcs  us  such  in  the  IkhK',  but  with  organic  sulphur  com- 
n-hicli  are  only  in  process  of  being  oxidizetl  to  sulphuric  acid, 
ma  and  collapse  set  in,  the  patient  is  to  be  sustained  by  the 
ioo  of  warmth  externally,  and  by  the  administration  of  such 
icrvous  stlmnlauLs  as  caffeine,  atropine,  or  camphttr ;  artificial 
:<n  may  cvontnally  l>e  used,  although  there  is  little  |)ro.sj3ect 
itation  if  the  intoxication  has  advance<l  so  far.     The  corrosion 
d  by  ciirlK>lic  acid  locally  may  be  treated  by  wanhing  the  part 
loohol,  which  dissolves  the  acid  readily.     Alcohol  has  aln)  been 
n  ca!H^<s  in  which  the  (xaMin   has   been   swallowtil,  and  the  results 
*^  to  hiive  been  satisfactory.     The  alcitbol  only  serves  to  dilute 
im  and  docs  not  form  any  eombinatir^n  with  it,  s<i  that  it  would 
VL«aible  t(i  remove  the  mixture  by  the  stomach  tube. 

Bibliography. 

'"-    I>n]t«clicKlinik,  1870, 1871.    Arch.  f.  exp.  Path.  u.  Phann.,  iv.,  p.S80. 
^^;  xii,  IX  401. 
■nd  hia  jMipilit.     Pflugir'H  Art-li.,  xiii.,  p.  2Rn.     Zih.  f.  phvH.  Cheni..  i., 
pp.  273,  a'jtj;  iii.,  pp.  156   177.     Arch.  f.  Annt.  u.  Phvs.,'  1870,  p.  245. 
V^er.  Jour,  of  Med.  Sri.,  Ixiv.,  p.  17. 
/'riuapi'3  Arch.,  v.,  p.  »36. 
/<»•.     /bid.,  v.,  p.  470. 
W.,  T.,  p.  5.38. 

\m.  Jour,  of  Med.  Sci.,  Ixxxl,  p.  82. 
tH.  f.  «x|>.  Path.  II.  PhariD,,  zxxrL,  p.  197. 
thU\     Ti\y.,  p.  288. 

Il>uL.  XXXIV.,  p.  208. 
f  "nt^yrrrifht,  Centralb.  f.  inn.  Med,,  1895,  p.  4- 
'.  f.    [Annt,  h]  Phya.,  1900,Siipplem.,p.  l«:i.    Ztschr.  f.  all;;.  PhysioL, 

["-   r.  Win.  Chirwrg.,  Ix.,  p.  687. 
1-    -Jour,  of  Med.  8ci.,  cxx.,  p.  1. 

L  CresoL 

\^    n.re  nearly  related  to  carbolic  acid  chemically,  and  re- 

^<^ly  in  their  ellortM.     Metxvrtsol  is  U-jw  poisonous  to  iiium- 

"***,  and  at  the  same  time  seems  Uy  be  more  destructive  to 

|><>lir  avid.     Orthucrt'rto]  is  iiioru  <Iaiiy;iTi)ua  than  carlmlic 

^*J    iH  the  must  powerful  puiaou  uf  all.     The  symptuios 


400  OROANIC  DRUGS  AVTiyo  AFTER  ABSOHPTJOX 

pnMluced  by  these  bodies  are  idctitic&l  with  those  of  phenol.     They 
crct«d  as  cresol  double  sulphates  mainly,  but  some  appeiirs  in  the 
the  Hitlphat^  of  a  mure  highly  oxidized  form,  diuxytoluol.      The  v 
coiistitiienta  of  the  tars  ami  other  crude  autiueptic  subatanoeH.     Ttw/ 
ouly  slightly  soluble  in  water,  and  there  ban  been  ^oroe  difficulty  tu  reniler* 
in;^  thtMii  available  for  »ur^ieal  use,  but  thin  has  bovn  overoooic  by  furmJo;! 
cmubions  {crcotin)^  or  by  dissolving  them  with  the  aid  of  salts  (soltfci,tal-\ 
lUol)  or  8U-spending  them  by  means  of  soap  (/i/so/).     These  are  ix'^ 
to  be  pure  preparations  of  cresol,  hut  the  three  isomeric  cresols  h&\ ' 
been  introduced  ud  trinrexol,  whieh  dissolves  in  water  to  the  exU'ui   > 
cent.     These  preparations  are  not  devoid  of  poisonous  properties,  a-  i- 
stated  by  interej^t^d  individuals,  but  they  are  not  so  dangeroos  a&  ci 
acid.     They  are  used  chiefly  as  surgical  antiseptics,  butoreolin  has  aim 
given  as  an  inU'sLiual  disinfeelanl,  although  with  indiflerent  result*, 
value  as  surgii^il  antiseptics  has  been  denied  by  some  writers  and  there  if] 
que.stiun  that  it  has  been  much  overrated  by  others.     Kresamint  (ethy 
amine  and  tricresol)  is  naid  to  i>e  more  strongly  antiseptic  than  tricrewl, 
has  been  recommended  in  diseases  of  the  skin  as  an  ointment  or  soiutii 

Oe»o/  (U.  S.  P. ),  a  mixture  of  the  three  cresols,   forms  a  colorleas  or 
colored  fluid  with  a  phenol  odor.     Soluble  in  60  parts  of  water.     I>un, 
c.c.  (I  mtn.). 

I.upior  Cre»oli*  Compontvs  {V.  P.  P.),  Cresol  HO  percent.  Nusi>ende(l  in 
by  nieanri  of  f^diip,  is  used  in  a  diluted  form  as  a  surgical  diainfectant. 
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Thymol. 

Another  phenol  horaologue  is  thymol,  which  re^'mbles  carbolic 
closely  in  its  action,  though  it  causes  less  central  ncr\'ous  stimulation. 
vuUions  and  tremors  are  rarely  induced  in  either  frogs  or  rajimma 
when  present,  are  very  much  losa  intense  than  those  following  cnrholie 
The  auiniul  generally  sinks  into  a  condition  of  ajMithy  and  weakness 
gnLduully  passHts  inlo  coHtip*.*  and  death.  Thymol  is  leas  soluble  in 
Hiiids  of  the  body,  and  is  therefore  ab^rbed  more  slowly  ttian  carbolic 
It  is  also  Ivss  irritant  to  wounded  .surfaces  aud  is,  according  to  mosiol 
era,  cunsi^lerably  more  poisonous  to  putrefactive  organisms,  while  \&u 
onous  to  the  higher  animals.  In  poisoning  from  its  use,  fatty  degi'uemW* 
of  the  liver,  marked  congestion  and  even  consolidation  of  the  lung^,  iind''^ 
ritiition  of  the  int^stinen  have  been  ol>ser\'ed.  It  is  excreted  in  the  uriiir'" 
combination  with  sulphuric  aud  glyouronic  acids,  partly  unehangod,  \»f^} 
oxidized  to  Ihymolhydroquinone.  There  is  also  found  in  the  urine  a  ipven 
coloring  substance,  which  becomes  blue  on  the  atldition  of  acid,  and  nhif* 
seems  m^arly  related  to,  but  not  identical  with  indigo.  Thymol  is  Nit'i *^ 
be  mi »re  liable  to  cause  rennl  irritation  than  carbolic  acid  and  ftibuminft'"' j 
even  bUjrnI  have  been  repeatedly  observed  in  the  urine  after  its  ftbs«ri>iw*"j 

Th>/mol  (U.  S.  P.,  B,  P.)  (C„H,C,H,CH,OH)  ocx-un*  in  common  th}*^ 
aud  several  otlier  plants,  and  forms  large,  colorless  crystals,  whieh  have  ^ 
odor  of  thyme  and  are  very  insoluble  in  water.  0.0^-2  0.  (1-30  grs.)  in  |M 
cap(«uk*»,  I'timlsion,  or  in  tu>]ntion  in  dilute  alcohol.  J^M 

Thymol  has  been  used  occasionully  as  an  antiseptic  lotiou  in  ^  per  ceotS^ 
tion  and  us  a  muuth-waijh  and  gargle,  for  which  carbolic  acid  is  rendered 
suiUihle   by    its   unpleait^tnt  odor    and  iU   corrosive    action.      Aj   on   inl 
remedy  it  h.iw  jtroved  a  fjillure  in  the  treatraentnf  various  constitutional 
such  as  ucul*'  rhcumntism,  phlhi-iis  and  typhoid  fever. 

It  has  recently  been  highly  recommended  as  un  anthelmintic  for  unci 
anchyhiscoma  ;  it  is  given  in  capsules  or  enmlsiou  in  large  dfjses,  2  O.  (80 
repealed  in  two  hours,  and  followe«l  in  six  or  eight  hours  by  a  brisk  saUne 
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Eucaljrptol. 

lol  (Cj^Hj.O)  is  the  chief  conHtiluent  of  oil  of  eucalyptup,  which 
I  from  Eucalyptus  globuluH  and  simit*  other  species.  It  in  also 
Doniaiiu'd  \n  the  oil  of  c^jupiit  and  In  other  volatile  oils.  It  has  been  re- 
camuL-iided  a»  a  surgical  antiseptic  and  in  the  same  class  of  internal  diseiisea 
ittbvmol,  hut  doi>H  not  seem  to  have  any  special  virtues  distinguis^hing  it 
frrn.  il,,.  L:i.>nerul  plua«  of  volulilo  oils, 

■'I  (l*.  S.  P.),  a  eolorlejw  fluid,  having  a  ebaraeteristic,  eamphor- 
r  and  a  pungent,  spicy,  cooling  taste.     It  id  almost  insoluble  iu 
titer,  bub  is  miseible  with  alcohol  in  all  proportions. 

Resorcin. 

Tlic  three  dioxybenzols  —  reaorrin,  pyrocafeohin  and  hydrotjninone  —  ro- 
Hible  cairl»oIir  aeid  In  their  efl'ects,  but  produce  a  more  intense  Btimu- 
Uoiioftbe  central  nervous  systeui,  for  convulsions  have  been  olwerved  in 
wi  after  their  use.  This  is  especially  true  for  the  two  last,  resorcin  being 
luch  less  toxic  than  these.  Resorcin  seems  to  he  equally  or  more  strongly 
^tir  than  phenol,  and  is  sr*mewhal  less  pnisonous,  while  the  othei-s  aro 
ngeriins;  it  is  less  irritant  and  caustic  than  carbolic  acid.  All  three 
\b  are  excreted  iu  the  uriue  in  combiuutiou  with  sulphuric  and 
riiroDic  aoids.  Tliey  are  in  part  subjected  to  further  oxidation,  leading  to 
ion  of  the  urine  similar  to  that  seen  in  carbolic  aeid  poisoning.  1^-ro- 
and  hydroquinone  when  added  to  blood  form  niethiemoglobin  much 
lily  than  phenol,  and  also  tend  to  form  it  in  the  body  when  the 
nxicatiou  does  not  progress  loo  riLpidly  to  allow  of  this  altcralion  in  the 
animal.  They  cause  a  much  greater  destruction  of  the  red  blood  mIIs 
enol. 

/  (U.  B.  P.).  resorcin,  metadioxybcnseol  (C^JOH),),  colorless, 
iry  soluble  crystals,  with  a  faint  aromatic  odor.  O.ft-0.6  G,  (&-10  gra.)  ;  3 
.  (*''>grs.)  in  24  hours. 

Rwon'in  is  a  remedy  which  has  fallen  into  almost  tromplete  disuse.  At 
M  iDtn>dured  a«  au  antiseptic,  it  was  prescribed  for  a  short  time  as  an 
Rli|prreiic,  but  bus  proved  as  unsuitable  for  this  purjiose  us  ejirbolic  acid  or 
ftiline.  which  reduce  fever  temperature,  but  cause  symptoms  of  collapse  verj* 
■'lily.  It  has  been  used  as  an  intestinal  antisejiticand  iu  rheumatic  fever, 
■*h»»  here  again  been  supplanted  by  Ws  dangerous  remedies.  As  an  ex- 
I'TTifll  upplieation,  it  has  been  applied  in  oiulnient  (iWIO  jter  wnt.)  in  akin 
'"'*s«i,  and  baa  been  iujc<*led  in  eysiiiis  and  gonorrhtea  in  sohition  (1-8 
*M-tDt,i  but  in  both  cases  is  liable  to  protlure  irritation  and  pain.  As  an 
■itoiHil  remedy  it  should  bo  prescribed  in  dilute  solution  (1-2  |>er  cent.). 
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iff-s'^ei-  ir>;    TZfT    "•-•^"  — g«r    aifccrras 
•''■'''''     '''   ,/,•/!    - •*.    :.r>:--r>    '.:   ■:J>r   -ittM-cx^jKrazc     <   i&e 

'!   '     r"    »i."^t.'r  '^•'-   rft'-'-r.^.-fn'r/i^'bia   l-?  a  d:Fwt   P£=^^  -:-f  the 

•         mWuHUou  with   -iljihuri':  arri'l  in  th*:  unne.  in  j^n  as  unknown 

.  ,„  wh*'f.  no  l.l'^^'i  |/.-niirntH  ar<:  ^rr^ntoin-.!  in  it      In  fatal  poisoDin? 

I    .1.  «*fiMl/.  UmJij'-  t',ili':  M'l*.*!  ohan-r^,  and  the  con5eqn€m  ne- 

i   '  ■     «,  !   iHMwW'^;  rniUor  tl.an   to  th*:  dirtct  effect  of  the  dme  on 

"I'l  uTl  -"IIh  fi"l-^»^'  I'"-"'  <'»'■"»>■'*'  »'"=  '"P'llaries  and  thus  lead^  to 
'**'       1     •     I  ..t  tl.'iit  lijih  U'cn  iloiiii*!  bv  later  investigators. 
^' itX;  Ih  dji"  trow:  wh.n  pyro,allol  i.  applS  to  it,  fn>m  the 
l.riMhMitHofoxidHtiorirorHMMi. 

PyrO«rtlOl(l  .  ^  >  ?.  15     ^    ,  ^    j,,,     ^^^^^^  ^  darker  color  on 

„,  iHinlHH' wh.n  f^^^^^^^  ^,,,.,,,>  i,.\vatorand  reduces  the  salta 

ml  forma  of  skin  disease, 
in  ointment  (5-20  per 
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.^.     It  18  dangerous  to  apply  it  to  very  ^arge  «urfa<*es,  bowevcr, 
*\\\\  mnny  aiithoHties   thorofbrc  advise  the  use  of  ehrysaivbin  iu   its 
siewl.     Pyrogallol  ought  never  to  be  used  internally.     Its  curative 
action  In  skiu  disca-seH  may  be  due  t<J  its  slight  irrit;int  and  antiseptic 
pmperties,  but  is  referred   by  some  to  its  reducing  action.      GallacHo- 
|jWj/)/-(('H,, — CC)  —  C^H.j{OH)j)  has  been  reoommended  aa  a  substi- 
tute fur  pyrogullol  in  skin  affeotiouH. 
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3.  Naphtalin  and  Napbtol  (Kaphthol). 

Vaplitalin  and  its  compounds  alph:i-and  bcta-naplitol  diHiT  in  some 
fWjKftji  from  the  other  members  of  the  series.  Tln-y  aro  all  insoUible 
ui  vaUT,  but  the  naplitols  are  dissolved  in  tlie  alkiilies.  Sum*  ques- 
tinti  ii.is  arisen  as  to  whether  Kaphtalin  is  really  au  autiseptic  in  itself, 
<"r  whether  it  owes  its  activity  to  the  formation  of  the  more 
»>liiKIc  nnphtols.  Animals  poisoned  with  it  do  not  exhibit  the  ordi- 
ttiry . symptoms  of  jKUsoning  with  iin  aromatic  Wly,  even  when  it  is 
wniinifitered  for  several  weekh,  but  suiTer  from  iliarrlio'a  and  lose  flesh 
nipidly,  either  from  disturbance  of  the  alimentary  canal  or  from  renal 
dijicirder.  The  urine  eoon  04>nfains  albmuiti,  casts  and  t'plthelinm,  and 
tiwkitiney  is  found  in  a  condition  c<f  parojieliymatous  nephritis.  The 
dungcs  in  the  eye  caused  by  naphlalin  and  naphtol  have  excited  some 
Ulcpftst.  The  retina  is  seen  with  tfie  opJKhahiioseope  to  tie  dotted 
war  with  numerous  bright  points,  or  sometimes  to  contain  large  yellow 
IH4r{ties,  and  after  large  doses  subretinul  eH'iisinn  has  Ihtu  ob.serve<l. 
At  iht*  same  time,  atrophy  of  the  optic  nerve  may  occur,  and  bright 
i»»iritM  are  seen  in  the  vitreous  iiumor  similar  to  those  in  the  retina. 
Afiliglit  rlondines.s  apix-ars  in  the  lens  and  increases  rapidly  imtil  it 
Wmiea  quite  opaque  and  resembles  an  ordinary  csttaract  iu  man.  This 
'wsnot  seem  ti»  l)e  secondary  to  the  retinal  changes,  but  is  the  result 
^"''^lu  inflammatory  infiltration  begitming  in  the  ciliary  Ixuly  and  iris 
iiiiii  pxtending  into  the  lens  and  finally  into  the  posterior  surface  of  the 
"oroea.  The»M*  rhange.s  in  the  eye  have  generally  been  observed  in 
wtinaU  treated  with  large  doses  of  naphtalinc  or  najihtol,  and  have  not 
tt'nirrwl  in  such  intensity  in  man  ;  but  v.  d,  IToeve  states  that  com- 
■  retinal  degeneration  niay  be  inthiced  in  man  by  the  use  of 
'  !  internally  or  externally  and  cautions  against  its  prolonged  ad- 
"ioislmtion. 

Largo  doses  of  tht?  Naphtola  induce  symptoms  similar  to  those  of 
^'^^M'.  acid  poi>oning,  exorpt  that  in  the  dog  no  convulsions  have 
^oljBerved,  and  iu  tla?  otfier  mammals  they  seem  less  pronouncKl. 
**5"are  irritating  to  tlic  mueoub  membranes  when  they  come  iu  con- 
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tact  with  them  in  soiution  or  in  vapor ;  thus  they  cause  sneezing  amlJS 
coughing  when  applied  to  the  respiratoiy  pass^es,  and  in  the  courses^ 
of  excretion  induce  pain  in  the  bladder  and  urethra  with  strangury  and  -3 
swelling  of  the  mucous  membrane.     Injected  subcutaneously  or  ab-  ^ 
sorbcd  from  the  alimentary  canal  in  animals,  they  induce  acute  nephritis 
with  the  appearance  of  albumin  and  hsemoglobin  in  the  urine,  and 
some  nephritis  has  been  caused  in  man  from  their  external  application. 
They  seem  to  have  less  effect  on  the  circulation  and  respiration  than 
the  other  aromatic  antiseptics,  but  resemble  them  in  tending  to  destroy 
the  red  cells  of  the  blood.     Alpha-naphtol  has  been  found  to  be  more 
strongly  antiseptic  than  the  beUi  compound,  and  may  be  more  poison- 
ous, as  is  generally  stated,  but  no  satisfactory  investigation  has  appeared 
regarding  this  point.     Beta-naphtol  is  several  times  as  strongly  ger- 
micidal as  carbolic  acid,  and  is  the  form  used  in  therapeutics. 

Naphtalin  is  partly  oxidized  in  the  tissues  and  appears  in  the  urine 
as  alpha-  and  beta-naphtol  and  naphtoquinone,  all  in  combination  with 
glycuronic  and  sulphuric  acid.  The  naphtols  are  excreted  in  combi- 
nation with  glycuronic  acid  mainly.  These  bodies  and  their  oxidized 
products  give  the  urine  a  reddish-brown  tint,  which  may  become 
deeper  on  exposure  to  the  air,  but  in  some  cases  it  retains  its  ordinary 
color. 

Preparations. 

Naphthnlmum  (U.  S.  P.),  naphtalin  or  naphtalene  (C„Hg),  colorless,  insol- 
uble cryataU  with  a  coal-tar  odor  and  a  hot,  aromatic  taste.  0.06-0.3  G. 
(1-5  g«.). 

Bktanaphthol  (U.  S.  P.).  Naphthol  (B.  P.),  Beta-naphtol  (C^H.OH), 
white  or  yeUowish- white,  insoluble  crystals  or  powder,  with  a  faint  phenol  odor 
and  a  hot  taste.     0.2-0.6  G.  (3-10  gra.). 

Therapentic  TTBes.  —  Naphtalin  and  naphtol  were  at  first  introduced 
as  external  applications  in  parasitic  skin  diseases  of  various  forms,  but 
have  been  more  extensively  prescribed  as  intestinal  disinfectants.  In 
some  disorders,  such  as  diarrhoea,  in  which  the  walls  of  the  intestine 
are  only  secondarily  affected  by  the  putrefaction  of  the  contents,  they 
have  proved  very  efficacious,  but  when  the  intestinal  walls  themselves 
are  the  seat  of  the  primary  disease,  as  in  typhoid  fever  and  dysentery, 
tiiey  are  of  more  doubtful  value.  They  have  been  employed  as  an- 
thelmintics to  a  limited  extent,  and  apparently  with  some  success, 
though  tijoy  have  not  proved  so  reliable  as  some  of  the  older  drugs 
used  for  this  purpose.  Naphtol  is  more  largely  used  tlian  naphtalin  in 
internal  medication,  and  may  bo  prescribed  as  a  powder  or  in  capsules. 
They  are  used  externally  as  ointments  (5-10  per  cent.).  Naphtalene 
and  naphtol  ought  to  be  avoided  in  irritation  of  the  kidneys,  bladder 
or  urethra. 
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4.  Tar. 

The  action  of  the  vorious  crude  preparations  of  theantiBeptio  seHt»8 
rewmhics  tluit  of  i1k»  pure  principleB  but  as  in  most  of  them  the  ereo- 
tHiU,  ^niaiacold  and  otlier  less  ]M)isonoiUj  aromatic  compounds  are  pivsent 
ill  Iirpr  qiioritlty  than  the  plienols  and  dioxyl)enzoIs,  they  arc  less 
[wiiHiiwuy  tlian  earUdie  acid  and  itji  simpler  honntlugues.  At  the  sarm^ 
liiiif  tli*"ie  higher  combinations  do  not  Hcem  to  be  much  less  antiseptic 
than  tiif  simpler  benzol  derivatives,  so  that  sevei-al  of  the  crude  prepa- 
ntiuiia  |M)sse«ii  cousidcmblc  value  in  surgery  and  medicine. 


PK£PABATI0N8. 

hi  Uquida  (U.  8.  P.,  B.  V.\  tar,  is  obtained  from  the  wood  of  Pinus 
(alourinaud  other  species  of  Piuiw  by  dei^truolive  diHtillation  aud  contains 
»  very  l»r)wnuuilKTof  annnatic  bodiesiuixed  with  others  of  less  iiuportuneo. 

Otfum  Acui  LiquidsE  (U.  S.  P.)^  oil  of  tar,  U  a  volatile  oil  iiistilled  from 
t»f,  ind  lA  similar  to  creosote,  except  that  It  consist-s  almost  entirely  of 
gduicuUand  their  eompoUDda.     0.05-0.3  c.c.  (l-o  miua.). 

4rvp»9  PiciB  Uquidw  (U.  S.  P.),  wvrup  of  tar,  4-12  c.c.  (1-3  11.  drs.), 

ttvMB/om  ticU  liquids  (U.  8.  P.,  B.  P.). 

t*aCtrh<mi9  Prteparaia  (B.  P.),  prepartsl  coal-tar. 

^>«r  Picis  Carbonic  (B.  P.),  a  solution  of  coal-tar  iu  tincture  of  Quil- 

•^"^'■i  (hdimnn  (V.  P.  P.,  B.  P.),  oil  of  cade  orempyreumatic  oil  of  juniper. 

'■'■-  I'Ttjir  nil  iit  the  tar  distilled  from  the  juniper,  and  ct>ntainH  ilioxyl>en/ol 
•^"1  ^aiaJHCul  combinations.  It  i»  Xvam  strongly  disinfectant  tlmu  the  other 
tan. 


TiT  18  a  valuable  disinfectant,  which  is  very  generally  available  and 
■  nweh  cheaper  than  the  purer  lM>dit«  of  the  anmiatic  stories.  It  may 
Witted  for  the  disinfection  of  excrementa,  latrines,  etc.,  where  the  cost 
wften  crude  carbolic,  acid  would  be  prohibitive. 

Tkrhiw  also  been  used  with  octui^iderablc  success  as  an  antiseptic  in 
win  diflcases,  in  which  it  maybe  applied  either  alone  or  us  ait  oint- 
It  is  only  slightly  irritating  to  the  skin^  and  some  absorption 
1,  as  is  often  seen  by  the  dark  color  of  the  urine.     Internally  it 
bren  used  occasionally  as  au  anthelmintic  and   intestinal  disinfec- 
t,  much  n»iin-  fntpienlly  as  an  *•  expectorant  "    in  cough  mixtures. 
Iht  it  has  any  efTectJi  on   the  lungs  or  n(U  in  these  tases  luay  l)o 
It  is  generally  given  as  the  syrup,  sometimes  as  tar  water. 
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Creosote. 

Creosote  may  be  regarded  as  a  woml-tar  from  which  the  more 
poisonous  phenols  and  the  \em  volulile  httdies  have  l>eeu  eliiniuated, 
leaviug  giiniacok  and  crcosols  as  the  chief  coustitucnts.  Its  action 
is  similar  to  that  of  carbolic  acid,  except  that  it  has  less  tendency  to 
inducts  nervous  symptoms,  and  is  less  irritant  and  |M»isonouft.  On  the 
oUkt  hand,  it  seems  at  Irast  as  strongly  antiseptic  as  carlwUc  acid,  and 
uooording  to  some  investigators,  far  excels  it  as  a  germimde. 

Preparations, 

Creosotum  (U.  S.  P.^B.  P.)  is  obtained  from  wood-tar,  preferably  from 
iK^ech  tar,  and  is  an  almo.Mt  colorless  oily  liquid  with  a  smoky  odor  and  ht>t, 
burning  acrid  tofite.  It  is  Kliglilly  soluble  In  wiiter,  hut  mixes  re*wiily  with 
ulcohol.  It  temls  to  tlarkeu  in  color  when  exposed  to  the  light.  O.W&-0.3 
c.c.  (1-5  rains.). 

Aqua  Creomii  (U.  S.  P.),  a  very  dilute  solution  of  creoBote  in  water,  less 
than  one  i>er  cent.     2-8  c.c.  (i-2  H.  drs.). 

Mitttura  Creoaoti  (B.  P.)  containiug  spirits  of  juniper,  J-1  fl.  oz. 

Ungucntiim  Creowti  {B.  P.). 

CrfH)sot(f  may  be  admin istert^I  in  pills,  rapsntcs,  in  solution  in  alcohol  or 
eo<l-Iiver  oil,  or  as  a  mixture  (II.  P.).  The  wine  of  creosote,  which  hjis  Imx-u 
a  popular  remedy,  contains  it  diinsolvod  in  wine  alonj;  with  some  brandy 
and  tinotun?  of  gentian.  It  ou^dit  not  be  allowc<l  to  reach  the  mucous 
membranes  in  a  concentrated  form,  as  it  is  liable  to  irritate  them. 


Therapeutic  Uses.  —  Creosote  is  comparatively  seldom  used  except 
in  the  treatment  of  pulmonary  phthisis  and  gangrene,  and  chn>nic 
bronchial  inflammation.  It  is  generally  given  by  the  mouth  in  thcete 
eases,  but  has  also  been  injected  hy]XKlcrmically  or  into  the  rectum  ;  the 
vajior  is  rwjommended  a-^  an  inhalation,  and  some  practitioners  have 
injected  crcoH4)te  solution  into  the  trachea,  in  onler  to  ensure  its  reach- 
ing the  lungs.  None  of  these  methotls  arc  believed  to  give  such  gtxxl 
reanlts  as  the  onlinary  administration  by  the  mouth. 

The  results  of  creosote  medication  are  still  disputed.  Many  elin- 
ioinns  state  that  a  general  improvement  follows  it  in  phthisical  \vi~ 
tients,  that  the  ap|H!tite  is  improved,  the  cough  and  ex|K>etomtion  les- 
sened, and  tlrnt  the  jwticnt  feels  .stronger  and  better.  (Jn  the  other 
hand,  others  are  extremely  sceptical  as  to  any  benefits  arising  fmm 
creosote,  and  regard  it  as  merely  one  of  the  coimtless  remtMlies  which 
have  l)oen  recommended  in  tins  condition,  and  which  after  a  shorter 
or  longer  period  i>f  pr>pidarity  have  pass<»d  into  oblivion. 

It  is  generally  supposed  by  the  advocates  of  the  creosote  treatment 
that  the  remedy  destroys  tiie  tnl»ercle  bacillus  in  the  lungs  through  its 
antiseptic  properties,  (^n  the  other  hand,  animals  infected  with  tulKTcle 
an«l  treated  with  creosote  die  im  80t>n  as  contnds  which  arc  untrent<*<l, 
and  the  sputum  of  phthisical  patients  trwited  with  creosote  is  as  viru- 
lent as  that  of  others  not  so  treated.  Besides,  the  administration  of 
cre<»sotc  by  otlu-r  ways  than  by  the  njouth  is  said  to  be  ver)'  much  less 
efficacious.     Another  explanation  of  the  creosote  action  is  that  it  act^s 
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an  intestinal  autifteptic  and  prevents  the  secondary  infection  of  the 
U>wvl ;  but  it  han  In-eu  olijoclod  t<i  this  that  tht*  4>lhtT  inle.stiual  anti- 
septini  are  of  liitU'  vahie  in  tulieroulosis.  It  seems  uselctis  to  Hpocii- 
Ittte  on  ihe  method  of  action  unti!  it  has  Ix'en  definitely  determined 
il  orff>iote  is  of  value  in  phthisin,  and  tliis  can  be  done  only  hy 
in.'ful  ftali.^tical  ini|iiiry.  The  medical  profession  seems  to  iiave  much 
ilh  in  the  elHcacy  of  the  creosiite  treatment  than  it  hiid  a  few 
■go,  when  it  wiuj  not  generally  rueogni/.ed  that  pulmonary  tuber- 
culosia  is  curable  by  hygienic  raca-sures  in  a  considerable  proiwrtiou  of 
instanocs, 

OreOAoLi  an  ether  of  dioxy toluol,  is  coDtaiued  iu  eretvsote  and  other  wood- 
tar,  An«1  hB«,  as  Tar  u:^  i*^  kuown,  ellects  similur  to  tho^c  of  the  allied  bodies, 
boi  has  oot  been  investigated  »o  rareTtilly  n.s  soinc  of  liio  t)tlKTs. 

Qvaiacol,  ibe  methyl  etht-r  of  pyrocatechiu,  soeiiis  to  he  somewhat  more 
poiaoouttA  ihan  carlwlic  ucid  aocordinK  to  Marfori,  whose  preimratiooe, 
InwcTrr,  were  by  no  means  pure  ;  the  symptoms  induced  were  thi>i^e  characte> 
bsir  *>l'  the  wrieA.  It  ia  excreted  in  the  urine  in  comltinatitm  with  sulphuric  imd 
lycunmii-  Hiid**. 

Guaiacol  Carbonate  ^ci-ms  to  have  the  same  effects  as  guaiacol,  into  which  it 

dr«-».n(jM«M-ii  in  the  intcMiue. 

ll  wite  found  u  fi'w  year*  ago  that  guuiacol  ji,pj)lie4l  to  tlie  wkin  over  n  sufficit^ntly 
arkie  area  prudiierd  a  nmrked  fall  of  teinpemriire  in  fever,  but  thi»  duen  not  xeem 
\o  be  any  *|ifcilie  etfect  uf  guuiacol,  juid  would  prolmbly  have  rei»ultcd  from  the 
appUcmtion  of  any  other  equally  volatile  member  of  the  proup.  The  explanation 
to*  that  a  certuin  prti|»ortion  of  the  guaiacol  applie<l  \a  abiuifbe*!  from  lhe^kin,  itnd 
th«  iaXX  of  U^ntjiemture  is  one  of  the  syniptoms  of  {Kiisuning.  Coii>ideniblr 
cfMOititka  of  guaiact)!  have  bei'U  rei-overotl  frfim  the  urine  after  this  method  of 
The  fall  «if  UMiii»erature  is  jconerally  abrupt  anrl  \»  aecumpanied  by 
rilmu>»tion  and  weakness,  and  by  profuse  persfiiration.     The  lenipernture 

Ai  ri-*'*  .iirain  Ut  \U  fonuer  height  with  shivering  and  rigorn,  and  there  ceemfl 
p'  1.  therefore,  why  guaiucfd  should  not  bedashed  nmong  the  more  satis- 

li-  'ipyn-UL-s. 

OiKU'ino/ (V.  a  P.),  |C.>r,-OH-OCH,),  eoIorle»t<  irystaK  or  Buid  with  an 
Mtr^eafi!-  tiromaxic  odor,  wiluble  in  53  part«  of  water  and  in  iileohol.  Done, 
0  '  iiiiny. ). 

'  I  han  bren  adminititered   n»  a  subtttitute   for   creonute  in  tul>en:ular 

^bwr.     It  In  Kt-uemlly  driven  in  solution  in  al«)hol  or  coil-liver  oil,  or  in  pills. 

haa  liem  injecte<l  hypodennieallv. 

Oumme^ht  Oirhomu  (U.  S.  P.)  ((t^,H,0),(M\),  an  iduiwt  ta.Htelosii  powder,  ia 
lacach^ta  in  duWH  of  0.2-0. 5  G.  (3-8  gra. }  iu  puluionury  phthibis. 


Ichthyol. 

■^    *Vtnl,  and  similar  t>odies  posflcsa  some  antiseptic  aotinn,  although 

■  d  to  Ik*  le*y*  [K»werftil  than  t-arbidieaeid.     Apjdied  to  (he  t*kin, 

-  slight  irritation,  which  i»  apiwirenlly  of  Itenelit  iu  some  vw- 

■.  and  it  has  therefore  been  used  extensively  for  this  action. 

..  .  uuse    marked  eonlraotion  of  the  vessels  when  it    is  upplied 

'•  this  nvqnirc^  confirmation.     A  certain  amount  of  uljtK)r{>tion  oc- 

......  tt  in  ruV>l(ed  into  the  nkin,  for  the  ^tulphur  of  the  urine  hns  been 

Ui  Ui  rtu>tinent4'd.     Taken  inlfrnally  in  lar^e  quantitii^.   it  aclH  a«  » 

A  int<-*.tiujil  irritant  and  pnnhK'es  dinrrhien,  but  il   is  only  very 

-•inous.      It  han  l»eeu  wiid  U>  U'>^scn  to  a  marked  extent  the  nitro- 
.  ^vLaUdism,  but  this  M.x'Uii»  iucurrcetf  for  Uelmers  found  only  u  very 
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alight  and  incunatant  ta\\  in  the  nitrogen  of  the  urine  In  man. 
creUnl  in  the  urino  and  proluibly  \\y  the  intestiiml  wall. 

Ichthyol  hiiH  \ivv\i\  strongly  rccomnifiul*-)!  in  the  tn-^ulmeiiL  of  a  01 
akin  diaeu.si*H,  including  erymiiclas.     It  is  gunorully  used  ixa  an  oini 
taiuing  e(juul   pnrt^  uf  ichthyol  and  uf  vaseline,   hut    niuy    l>o 
per  cent,  or  even  weaker  dilution.     It  has  al»o  been  advised  uh  on 
tion  over  inflamed  and  rheumatic  joints,  indurated  glanda  and  swellj 
chronic  inflammation^^  of  the  pelvic  \iAcera,  and  is  said  to  cause  the  a' 
liou   of   the    productfi   of   inflammation.     \x&  effects   caa    be  expl 
these  cjisefl  only  by  the  slight   irritant  action  on  the  akin.     It 
given  internally  in  pilla  or  capsules  in  doses  of  0.2-4X5  G.  {3-8  >rr8.); 
of  rheumatism,  erysipelas,  and  in  many  chronic  diaea^es,  but  seeai 
doubtful  benefit.     In  fact,  iehtliyol  baa  in  the  last  few  vears  lieen  entbi 
praiiwil  ujt  a  remedy  in  the  luoHt  diverse  conditinn-H,  and  il  tteems  |irnltabU 
siihtTe  of  utility  will  be  very  much  more  restricted  in  the  future,  if  it 
diduppear  from  therapeutics  entirely. 

BlBUOGBAPHV, 

R.  AM,    Centralbl.  f.  Bacteriologie.  xiv.,  n.  413. 
Zwher.     Monntsli.  f.  iimkt.  lK.>rt]iatolog:ie,  18^,  p.  547. 
Hdmerg.     Vircbow's  Arch.,  cxxxv.,  p.  i:^. 

5.    Salicylic  Acid, 

Salicylic  acid  differs  from  phenol  chiefly  in  being  veiy  rai 
poisonous  to  the  higher  animals,  while  it  is  practically  of 
tiscptic  vnluf,   provided  the  conditions  are  favorable.     Tlie  safti 
produce  the  same  eflects  as  the  free  acid,  excepting  that   th 
much   less   irritant   to  the  skin  and  mucous  membranes.      It  w; 
raerly  stated  tliat  the  salicylate  of  soda,  which  is  tlic  only  salt 
been   largely  used,  wjis  devoid  of  antiseptic  action,  but  this 
shown  to  be  incorrect. 

Antiseptic  Action.  -^  Salioylio  aoid  retards  the  digestion  of 
by  the  gastric  and  pancreatic  juices,  an<l  the  decomposition 
sides  by  the  unorganized  ferments,  but  how  far  this  effect  is  d 
free  acid,  and  how  far  to  a  specific  antiferment-action,  cannot  b 
nitely  stated.  The  putrefaction  of  proteid  solutions,  and  the  ale 
and  acetic  acid  fermentations  are  also  retarded,  or  entirely  pre- 
by  the  presence  of  comparatively  small  quantities  of  salicylic  aoid 
the  salicylates.  They  offer  some  points  of  contrast  with  carliolii 
however,  for  it  is  found  that  if  much  proteid  be  present  the  sa 
preparations  are  genendly  leHs  efficient  than  phenol ;  this  is 
due  to  the  phenol  being  volatile  and  therefore  penetrating  more 
and  forming  less  stable  combinations  \\\t\\  the  pn)teid.  Sail 
on  the  other  hand  does  not  evaporate,  and  therefore  preserves 
which  are  exposed  to  the  air  for  a  longer  time  than  carbo 
which  is  S01M1  dissipated.  These  consiilerations  may  perhaps  e 
the  very  different  results  which  have  been  obtained  by  differs 
servers  in  regard  U>  the  csoraparative  germicidal  power  of  tba 
stances.  The  movements  of  plant  protoplasm,  pn)to7^annd  leiM 
are  preventtnl  by  salicylic  acid  as  by  quinine  and  the  other  an 
antiseptics. 
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Init&nt  Action.  —  Salicylic  arul  is  ninrli  less  irritant  than  ph<>no1, 

lii'ii  it  i>^  »|»ii]io<l   for  some  time  ns  a  powtler  to  wounds,  nuicous 

•nuios,  t)r  even  iho  skin,  it  may  induce  the  same  corrosion  and 

•^Is  lu-  luivc  lieeii  mentioned  under  eurbulic  acid.     In  tuihition  it 

i.-^  a  defetructivo  action  on  the  iiorny  layer  of  the  epidermis,  which  bc- 

>mes  w>ftened  and  ea-^ily  removed,  without  any  noticeable  irritation 

iiiivirijj;  been  iuduciMl,     It  sometimes  causes  soreness  and   irritatiou  of 

lilt?  month  iiud  thn>at  when  swallowed  in  powder,  and  congestion  and 

even  erosion  of  the  raucous  membrane  of  the  stomach  have  been  oIh 

jcrvwl.     In  dilute  solution,  however,  the  acid  has  no  such  effect,  and 

rwD  wmparatively  concentrate<l    solutions  of  the  salts  seem  almost 

devoid  of  corrosive  prttperties. 

fijrmptoms. — Salicylic  acid  and  its  salts  are  rapidly  absorbed  from 
tbf  »t<)niach  and  intestine,  and  as  a  general  rnle  pi*odnce  no  symptoms, 
units-  when  giv*en  in  very  brge  doses.  Some  Individuals,  liowcver, 
are  |)ecidiarly  sensitive  to  the  action  of  salicylic  acid,  and  in  these, 
Lvmiiaratively  small  doses  are  followed  by  symptoms  which  are  ji^en- 
prally  of  only  slight  inijiortance,  but  which  are  sometimes  suiBciently 
grive  tfi  cause  anxiety,  and  in  very  rare  cases  have  been  followed  by 

Tlie  ordinary  symptoms  ^re  a  feeling  of  heaviness  and  fulness  in  the 

liwui,  with  hifving  or  n^ring  sounds  in  the  cars  exactly  resembling 

'W  prmiuced  by  quinine.     These  may  Ik»  followed  by  some  oonfnsion 

*tt<l  (fulness,  and    by  indistinct  sight  and  hearing.     Very  often  tJio 

Patient  o^mplains  of  excessive  perspiration  and  a  sense  of  warmth  all 

"^'T  Uie  b«jdy.     Dyspmca,  marked  by  exceedingly  deep  and  labored 

nition,  has  been  noted  in  more  serious  cases  of  jvoisoninp;,  and  a 

-'Ution  of  collapse  witli  slow  weak   jmlse,  .subnormal  tem]>eniture, 

*od  jjartial  or  complete  unconsciou.«noss  may  follow.     In  others,  de- 

*'^um  and  hallucinations  of  si^rht  and  hearing  have  occurred,  these 

'*fiijg  more  fre(juently  seen  in  chronic  alcoholic  patients  imd   in  cases 

^'    diabetes  than  under  other  conditions.      Albumin,  casts,  and  even 

^^tnoglobin  and  blood  in  the  urine  have  been  notetl  as  hwjuelie.    Vari- 

**ft  forms  nf  skin  eruptions  have  been  described  us  occurring  imder  the 

of  salicylic  acid,  sometimes  after  a  single  dose,  but  much  more 

|Ui'ntIy  after  prolonged  treatment.     They  resemble  those  seen  under 

'*^  antipyretics,  but  seem  to  be  less  frequently  elicited   by  salicylic 

^^^^i*!.     Abortion  has  been  repeatedly  observed  under  salicylate  trcat- 

^*>nt,  but,  as  in  the  cnse  of  quinine,  it  seems  open  to  question  whether 

^*i«  was  due  to  the  r(»metly  or  to  tlie  dts<-aso.      Hienntrrhages  from  the 

••^^^rijSj  nose,  mouth  and  intestine  have  also  hecTi  credited  to  the  action 

^»     this  drug,  and,  in  fact,  nose-bleeding  him  been  said  to  o(«ur  in  a 

^**rwnlerable  projK)rtion  of  tin*  cases  treated  with  it.     Numerous  other 

•y'J^l>tonis  have  been  noted  after  salicylic  acid,  but   so  rarely  that  a 

Qoulii  may  be  entertainiMl  as  t<i  whetlier  they  were  n(tt  due  to  some 

special  o^ndition,  or  perhaps  to  sr^me  impurity  in  the  drug. 

Ill  animals,  salicylio  acid  injectrti  intravenously  causes  some  acceler- 
ation of  the  pulse  and  respirati'jii,  followed  by  slowness  and  weakness 
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of  the  heart,  and  often  by  marketl  dyspntea.    I>o|>ression  of  (lie  cent 
uervuus  system  is  shown  by  slownes-s^  weaknt.*ss  und  inixHtrditintlnu 
the  sj)ontauc<JU3  inovemenls,  and  eventually  by  sluiKJr  and  urnsit 
the  respinition,  which  is  generally  prccede<l  l>y  conviilsiontJ.     PI»ot 
phobia  and  clonic  spasms  have  been  ol>!?c»rve<I  in  some  dogs.     Hypel 
:enua  of  the  kidney,  liver,  brain  and  tympanum  are  sometimes  fouiki 
the  autopsy  on  dogs  poisoned  with  salicylic  acid,  and  when  tlie  di 
has  l>een  given  in  powder,  congestion,  irritation  and   necrosis  nf  \\ 
gastric   mucous   membrane.     This    irritation    of   tlie   stomach  ofte 
causes  vomiting  in  <logs,  and   the  poison   being  thus  eliminated, 
further  symptoms  ap|)ear. 

In  the  frog,  salicylic  acid  produces  quickened  respiration  and 
creased  reflexes,  followed  by  depression  of  the  spontaneous  movenictil 
tremor  and  clonic  oijntractions.     The  heart  is  slow,  dilate<l  and  wcil 
The  symptoms  elicited  by  snUcylie  acid  and  its  salts  are  iheri'fo 
very  indeflnite,  and  widi  few  exceptions  occur  so  seldom  in  man 
they  may  be  discussed  very  shortly. 

The  Disorders  of  HeariiiK  have  been  ascribed   tti  congestion  nf  tl 
lympamim,  but  inay  perhaps  indiaite  some  *'hnnges  in  llie  nerve 
of  the  «ir  analogous  to  those  obt!erve<l   un<ler  quinine.     As  a  gxn 
rule  they  pass  nfl'  in  the  course  of  a  few  hours  or  days,  but  they  w 
times  leave  a  more  or  less  j>ermanent  impairment  of  the  sense  uf  h( 
ing.     The  Dinmess  of  Sight,  sometimes  amounting  to  complete  hlir 
uess,  is  thio  to  vnscular  or  retinal  changes  in  the  eye  (see  iiuiniiie).! 
some  disturhanre  of  the  circulation  of  the  brain  and  head  may  Iw 
cause  of  tlie  duliiess  and  fulness  of  the  head  eomptuiued  of,  and  uf ' 
not  infrequent  epistaxis.      MaragHann   showed  by    plethysmogniiJ* 
measurt^nu-nts  that  the  Vessels  of  the  Bkin  are  dilate<l  by  salicylic  acl 
in   llu'  sumc  way  as  by  the  atitipyretics.     The  exact   meehanb-TH 
which  these  alterations  in  the  distribution  of  the  bUKwl  are  p^»<hiced. 
unknown,  but   tlie  most   probable  explanation  would  seem  to  lie  l> 
the  viiso-dilator  centres  in  the  medulla  controlling  these  areas  are  eicit^^. 

The  general  Blood-Pressure  is  found  to  be  increased  bv  small  qi 
titles  of  tlie  salicylates  from  stimulation  of  the  vaso-oonslricior  cenl 
while  after  very  large  injtx'tiims  into  the  blood  ve-ssels,  the  pressui 
lowered,  jmrtly  |»(^rlinps  from  depression  of  the  centre,  but  mainly 
the  cardiuc  action  of  the  drug, 

Sniidl  quantities  nre  ft>untJ  to  accelerate  the  Heart  in  animals  in 
same  way  as  small  doses  of  the  other  aromatic  Ixxlie^s,  appan:ntly  fiffigj 
direct  action  on  the  cardiac  muscle.  "Very  large  doses  produce  a  3l^| 
weak,  and  dilatcHl  heart,  and  a  corresjiondjng  fall  in  the  blood-pi«ssi^BI 
The  accu'leralion  of  the  Respiration  and  tlie  dyspntca,  which  hai;^ 
been  noted  occasionally  in  man,  seem  to  l>e  due  to  some  wntnd  act 
In  animals  the  respiration  is  first  accelerated  to  some  extent,  aud 
slowed,  and  sonic  observers  have  attnbuted  the  acceleration  to  i] 
tion  of  the  endings  of  the  pneuniogxistrio  nerves  in  the  lungs,  with* 
however,  bringing  forward  any  satisfactory  evidence  in  supp<trt  of  tlu^ 
explanation.     It  is  more  probable  that  the  respiratory  centre  is 
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ited  and  then  depressed,  and  eventually  pnralyze<l  by  very  large 

ilities  of  the  drug.     Death  beein.s  to  be  due  to  tliis  piirulysiB,  the 

continuing  to  JK'at  for  sometime  afterwards. 

The  effects  of  wilicylic  acid  on  the  Central  Nervous  System  seem  to 

comptirutivcly  slight,  except  iu  cases  iu  which  a  special  idiosyncrasy 

LlstA.     No  such  convulsive  action  as  occurs  under  others  of  the  aro- 

ic  series  has  been  olwerved  under  it,  and  iu  animals  tliore  sroms  no 

ted  depression  save  in  the  medulla  oblongata.     The  convulsions 

h  are  obs«^rved  before  dej»th,  iin^  probably  not   due  to  the  direct 

ittouof  the  drug,  but  to  tlie  asphyxia.      In  the  medulla  oblongata  tlie 

jjrtratory  auil  viiso-ciinstrictor  centres,  ajid  probably  the  vaso-dilator, 

to  be  first  stimulated  and  then  dopresjicd.      In  the  frog  depres- 

%ad  parulysis  of  the  spiual  cord  are  produced  by  large  doses. 

Thf  Perspiration  which  si)  often  follows  the  administration  of  sali- 

iic  pn*()aration8,  may  he  due  in  part  to  the  dilation  of  the  skin  veg- 

;W,  but  is  probably  to  be  ast^ibed  mther  to  increased  activity  of  the 

«  centres.     Some  of  the  Skin  Rashes  may  also  be  caused  by  the 

Lion  of  the  cutiiiu'oiis  vessels,  arul  i>erhaps  in  all  cases  this  may  be 

okcd  ii|n:in  a.^  a  favorable  condition,  which  leads  to  eruptions  in  indi- 

idoals  who  are  pre<IisiK>''ed  to  them. 

The  perij)heral  Muscles  and  Nerves  do  not  seem  to  be  more  afft»cted 
'  lie  acid  than  l>y  the  other  members  of  the  serie*!. 

lie  acid  and  its  salts  increase  to  some  extent  tlie  Secretion  of 
tke Urine,  probably  through  a  direct  action  on  the  renal  epithelium, 
altbfiu^i  the  increased  formation  of  urea  may  alr^o  play  a  part  in  the 
sliglit. diuresis.  Irritation  of  the  ki4lriey  and  nephritis  are  ohserved 
:W»  wiue  cases,  with  the  appearance  of  albiuniu  and  blood  in  the  urine. 
Tin;  salicylic  pi*eparations  produce  a  slightly  augmenttHl  How  of 
tWe,  apiMirently  iVom  Bome  specific  action  on  the  liver  cells.  The 
MtTHee  is  so  small,  however,  that  some  doubt  is  expre?>siNl  by  most 
*rtk'Ts  on  the  sulyect.  Pfntlf'  found  that  in  one  ea.'*e  of  biliary  fistula 
•"  nuii  the  concentration  of  the  bile  was  also  increased,  the  solids 
being  augmented  in  greater  proportion  than  the  fluid. 

Salioylates  have  been  said  to  lower  the  normal  Temperature,  but 
this  jioi'ins  to  1k^  crnmeoua.  except  when  very  large  <|uantities  prtMluoe 
'  "OQdiiion  akin  to  collapse.  Some  of  the  results  may  also  l>e  due  to 
"IP  ib^;  of  impure  preparations.  In  fever  patients,  however,  it  often 
"^•^  fl  marked  fall  of  temperature,  and  it  was  formerly  used  as  an 
"[■t'pyrvtic  for  this  rcjison.  Tlie  action  is  probably  explained  by  the 
^liUtion  i>f  the  cutaneoun  vessels  and  the  increase  in  the  ontput  of  heat, 
'^  Antipyretics.)  Dilation  of  the  .-^kin  vessels  also  occiirH  in  normal 
r^ias  afti^r  salicylates,  but  this  is  probably  rounUTbalruiccd  in  them 
')  jncrttLsed  heat  formation.  The  fall  in  temprratinv  after  salicylic 
fj^  ia  generally  less  in  extent  and  of  shorter  dnnition,  than  that  ibl- 
^*>|i:me  members  of  the  antipyrine  series. 

^n  its  passage  through  the  tissues,  salicylic  acid  modifies  the  Meta- 
™**tas  is  shi»wu  by  an  increaw  of  [0-12  per  cent,  iu  the  nitrogen 
™^  sulphur  of  the  urine.     This  indicates  a  cous^iderably  augmented 
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decomposition  of  the  proteids  of  the  body,  but  whether  it 
|)antod   by  increased   oxidation  is  unknown.     A  still  m< 
augmentation  of  the  uric  acid  excreted  has  been  observ^^ 
authors  estimating  it  at  30-45  and  even  100 -per  cent 
of  leucocytes  in  the  blood  has  been  found  to  undergo  a 
increase. 

The  form  in  which  salicylic  acid  circulates  in  the  bT 
merly  the  subject  of  some  discussion,  owing  to  the  erroneo 
its  salts  were  devoid  of  antiseptic  action.     It  is  now  ki 
in  the  blood  as  the  salicylates  of  the  alkalies.     Graglio 
t:iken  up  from  the  blood  by  the  synovial  membranes  a.i 
cretcd  into  the  cavities  of  the  joints,  and  is  thus  capabl 
a  specific  action  in  acute  rheumatism.     It  is  Excnted 
for  the  most  part  in  a  combination  with  glycoooU,  whi<^' 
salicyluric  acid,  and   which  is  strictly  analogous   to 
Some  of  the  salicylic  acid  is  excreted  uncombined.      TL 
found  in  the  milk,  perspiration  and  bile,  but  does  not 
creted  into  the  stomach. 

Several  compounds  which  owe  their  virtues  to  fcl 
radicle  arc  used  in  medicine,  and  all  produce  similazr 
sorption,  but  vary  in  their  local  action.     Hethyl  Sali^'; 
occurs  in  many  plants  and  forms  some  90  per  cent,  of 
green,  and  almost  the  wliole  of  the  volatile  oil  of 
burning  taste,  and  like  oUier  volatile  oils  produces  a  £^ 
in  the  stomach.     In  many  cases  it  is  well  borne,  l^ 
complain  of  pain  In  the  stomach,  loss  of  appetite  andu 
vomiting.     It   is   rapidly  absorbed   and   produces  "C 
symptoms  of  salicylic  acid  in  large  doses,  roaring  »■ 
and  more  or  less  deafness.     It  is  partly  excreted  as 
the  decomi)osition  probably  occurring  mainly  in  the  i 

Salol,  the  phenyl  salicylic  ester,  is  a  very  insoluble^ 
which  lias  little  or  no  local  action  in  the  mouth  or  st>«: 
c<>in|>osed  in  the  intestine  by  the  fat-splitting  ferment; 
juice.     Some  decomposition  also  appears  to  occur  13 
any  rate  under  certain  conditions.     The  products  of  i 
salicylic  and  carbolic  acids,  are  absorbed  and  pro^ 
eHiHrts.     Salol  is  used  chiefly  as  a  substitute  for  sali<7J 
f(U*nuition  of  phenol  from  it  in  the  body  must  not  be    * 
several  cases  of  dangerous  poisoning  which  have  be^' 
it,  tlu»  symptoms  were  those  characteristic  of  carbolic  ^* 
be<^tuue  dark  in  color  from  the  phenol  oxidation  produ<:5 
HUHutities,  salol  produces  the  disturbances  of  hearirs^^   ^ 
salioytic  acid,  witiiout  any  symptoms  of  carbolic  poiso*^ 

Other  salicylic  acid  compounds,  similar  to  salol,  are    ^»  —  ^-r 
{\\w  lM'tti-uai>ht<»l  salicylate),  a-esahl  (cresol  and  salic^^'  ^fe% 
MtfU  (from  thymol),  (/tuiiacolsalol,  while  HoUphen,  wm3&^*^*^_' 
hwi\  mentioned  among  the  antipyretics.     They  are  le^^ 
klol.  and  niav  l)e  used  for  most  purposes  as  substiti'*'^*^ 
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4,  Saliphen,  innlakinc  antl  their  allien  have  a  more  powiTfiil  anti- 
ivtic  action  than  salicylic  acid.  On  the  other  hand,  iIk'  8alicvllc 
tere,  inrhuling  methyl  and  phenyl  Balicylaten,  are  less  antiseptic  tliait 
hc\iic  acid  uud  it»  ssilte. 

Sailicin.  a  glucoside  found  in  many  species  of  willow  and  poplar,  is 

Ki>)aipt>K*d  into  salicylic  alculiul,  which  is  oxidized  to  aulicylii;  acid  in 

«  body,  eo  that  its  action  after  absorption  is  similar  to  that  of  the 

d.     It  is  unknown  whether  the  decomposition  occurs  in  the  alimcn- 

canal  or  in  the  tissues,  hut  fmm  the  fact  that  it  is  excreted  mainly 

iu  when  it  is  injectetl  intravenously,  it  would  seem  probable 

0  decoraj>osition,  like  that  of  the  ordinary  est<*rs,  takes  place 

ipfly  in  the  intestine.     It  is  very  bitter,  but  dot;s  not  irritate  the 

membranes,  and  is  not  so  certain  in  its  action  as  salicylic  acid 

me  of  its  esters.     When  adniinistereil  by  the  mouth  it  is  excreted 

tlie  uriue  jmrtly  as  salicin,  partly  as  saligcuin  or  salicyl  alcohol,  and 

as  salicylic  and  salicyluric  acids. 


Preparations. 

8AL1CTI.ICT7M  (V.  S.  P. ,  B.  P.),  salicylic  acid  (CJI.OnCOOH) 
hite,  ucetUe-likc  crystals,  or  a  Hgbl  crystaUiue  powdur,  udoHess  with 
iah,  aftenvarda  acrid,  buniinK  taste,  sliKbtly  soluMu  in  water,  veiy 
ilublt?  In  alcohol  or  ether.  A  reddish  tinge  iiidicateit  the  presence  of  car- 
Mlicacid  or  other  iinpnrities,  and  wilicylic  acid  for  int^^rnal  use  ought  to  lie 
nrtftly  colorless.'  Sulicylic  acid  is  much  more  soluble  in  solutiona  of  neu- 
nlsalk),  such  an  the  bomtei)  or  citrates,  than  iu  pure  water.  0.^2  O.  (5-SO 
^.).  It  is  generally  piven  in  capsules  or  tablets. 
Vnguentum  Atridi  SaUcylici  (B.  P.),  2  per  cent. 

80Dir  i>ALlCYLAS  {V.  6.  P.,  B.  p.),  sodium  salicylate  {r„H.OHCOONa),  a 
vtit^  udurtcss  powder  with  a  sweetish  tubte,  very  siduble  in  water,  less  so 
in  alcohol.    0.(>-2  G,  (10-30  grs.)  in  capsules  or  tablets,  or  dissolved  in 

iiihii  Siilicyhu  (U   S    P.).  0..V2  G.  (5-30  grs.). 

immtmii  Siilirylai,  (U.  S.  P.).  0.25  G.  (4  gni.). 

Stfwihi  S't/ic'/ZoM  (IJ.  a  p.),  1.0  (;.  (15  grs.). 

(Hfun  Gaulthrrur  (U.  S.  P.),  oil  of  wintergreen,  u  colorlef«  or  yellnwiah  fluid 
*»thxchttrnpleri8tic,  pleaiuinl  ixlor  and  a  sweetish,  aromatic  tji.Hte,  insoluUle  in 
*^^t,  soluble  in  ulcobul,  contain.<4  90  per  cent,  of  luethyl  ualicyiale.  0.3-1  c.c. 
\'>-l5uiiti«*, )  in  emulmon  or  CApaulea. 

(Wffw  lif/a/^r  (IJ.  S.  P. ).  oil  of  Hweet  birch. 
,  ^rikfijui  .SriliryioK  (U.  S.  P.),  artificial  oil  of  wintergreen  (C^H^OKCOOCH,), 
••ptrticnlly  identical  with  the  oil  of  sweet  birch  and  forms  90  jier  cent,  of 
"^"iUf  wintergreen.     It  may  be  prescribed  in  the  same  doses  and  forms 

Ih* 'utter 

'W/m  GanUhertfe  (V  S.  P.)  is  tiFcd  as  a  flavor  chieHy.      1  c.c.  (15  mins.). 

'^^^rjuw  (T.  9.   P..   B.    P.).   siUicin  (C^„G,OC„H/'H.pH),  a  gluct^ide 
['im  wveml  species  of  willow  and  poplar.  eonKih>ts  of  white,  silkj', 
I     needles,  with  a  very  hitter  taste,  soluble  iu  28  parts  of  water.     It 
'* '.'M.mp4Mied  by  ferments  into  glucose  and  saligenin   or  salicyl    alcohol 
jr,H,0H(.'n,OH)*      O.rt-2  O.  fS-SOgrs.)  or  more  everj-  3  or  4  bourw,  given 
wpoirdor.  caiwules  or  in  solution,  which,  however,  is  vei7  bitter. 

SIj,  ri,.. ...--.,}  formei]  Bvntheticnllr  fmiti  phenol  ih  often  sniil  to  he  nuvrc  poii^onous 
^^  \  from  the  oil  of  winterprwn  (methyl  Kalicylntc),  but  this  \s  due  not 

tti  the  acid,  but  to  the  presence  of  carbolic  acid  and  otlier  inipurlties 
lifictoi  preparation. 
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cicj  is  the  most  pfficiimt  of  tlie  thrc'e.  Oil  of  winter- 
)  bt;  used  hero,  hiir»  like  salieylic  neid,  is  more  liahlc  to 
rritation.  AVhen  higli  fever  is  present  the  antipyretic 
of  salieylic  ucid,  sueh  as  rualakiue,  may  i>o  used  with 
iein  is  less  disturbing  to  the  stomach  than  the  other 

it  iH  les»  certain  in  it8  effects  and  ha8  to  be  given  in 

id  biis  also  been  used   in  the  various  forms  of  disease 

hly  classified  as  rheumatic  —  chronic  rlicumatinm,  arth- 
,  myalgia  —  but  the  effects  are  less  satisfactory  tlian  in 
tism.  The  lithium  salt  is  contained  in  the  U.  S.  P. 
D  is  erroneously  credited  with  a  special  solvent  action  on 
D  these  diseases. 

lie  constitutional  diseases  accompanied  by  fever,  salicylic 
value  than  in  acute  rheumatism  so  tliut  it  wouhl  ap[H'ar 
f>ecifiu  action  on  the  unknown  cjiusc  ttf  tliis  malady. 
d  in  some  cases  pi-omot*^  the  aliHorplion  of  cfliisions  into 
abrancs,  such  as  the  pleura,  uud  alsio  subretiiial  effusion. 

how  this  is  effected,  but  it  scarcely  seems  probable  that 
tlic  action  of  the  drug  in  sutlicient  to  account  for  it, 
guc  action  of  the  .salicylates  is  quite  inconsiderable  in 
ith   that  of  the  bile  itself,  and   in  any  case  in  which   an 

bile  secretion  is  desirable,  recourse  should  be  hud  rather 

It  has  recently  l)een  suggested  by  Kiilin  that  the  salic- 
Btel  in  the  bile  may  rotanl  the  gntwtli  nt*  inici-obcs  and 
'alue  hi  the  tret»tmeut  of  liver  and  gall-ljl:tddur  iiift'ctions. 
ty  of  the  salicylates  and  their  rapiti  absorption  precludes 
itcstinal  antiseptics,  but  snlol   has   been  used   to  lessen 

the  liowel,  and  even  to  act  u|M)n  the  bacilli  of  typhoid 
iil>erele  infecting  the  iutesliiud  wall.  Kumagawa,  how- 
kt  the  putrefaction  in  the  bowL*l  as  nieasurcd  by  the  in- 
rine  is  unchang(?d  by  its  adniinislralion,  and  lie  found 
ibers  of  bactn-ria  iu  the  favcs  afterwards.  It  certainly 
I  vahie  in  typhoid  fever  or  in  tulx^rculosis  of  the  intes- 
al  calculi  have  Im^cu  fi)rnn'd  in  a  few  instances  from 
itmcnt  with  salol,  wliieli  failed  to  l)c  dcconijMsed  in  the 
i)rme<l  masses  of  considerable  size. 

I  one  time  sup|x>sed  to  l>e  absorl>e<l  otdy  af\er  its  d*'- 
I  the  intestine  by  the  pancreatic  juice,  and  EwaM  there- 
its  use  as  a  means  of  diagnosing  stenosis  of  t  lie  pylorus. 
hat  in  caH's  in  which  the  food  was  de]aye<I  or  prevLutf.'d 
into  the  intestine,  the  reaction  of  salicylic  acid  in  the 
q>l>ear  oorrej*pondingly  late  or  he  entirely  al»sent.  But 
us  to  be  al>sorI>ed  from  the  stomach,  an<I,  on  tlu'  other 
ral  Ix'tween  its  administration  and  the  appearanre  of  rhe 
DU  in  the   urine  is  so  variable  in   normal   individuuls 

of  little  value.     Salol   has  been  used   to  coat  pills  and 

hition  in  the  st4imach. 
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Other  Aromatic  Oxy-acids. 

TTifi  two  t^nmcrs  of  salicylic  acid,  mela-  and  para'Oxyhenzoiv  aci'd,  are  said  to 
Imp  nloHMt  devoid  or  atitiFeptic  propcrtlen,  and.  altiiough  somt*  (loiil>t  may  he 
rnUrtaino.«l  tw  to  the  correctness  of  this  9tAt«ment,  they  have  never  been  used 
io   ■nedkine  except  experiraentally. 

Tlu?  rrew/inic  arids  reHemhle  salicylic  acid  in  their  eHci*ts,  and  the  pan- 

c»«6o(injite  of  scxla  has  been  u«ed  oocaftionally  as  lui  antipyretic  and  siibnti- 

lutcfor  ftilieylic  acid.     The  melacreRotinate  is  verj'  much  Ies«  active,  while 

lh«' <>Tlli(N'nrs<itinate  |>OKse*.se*i  a  dangerou-s  action  on  the  heart.     The  para- 

CTwMinaif  i*  -eiomcwhat  I*.*»8  fwisonous  than  salicylic  acid.     The  cresotonic 

•riAnrc  futiud  aa  impiiriticH  in  siome  commercial  specimens  of  salicylic  acid^ 

>mt  ttiof  DU^ht  not  to  1hi  used  for  internal  administration,  as  the  presence  of 

tliiurthi,«Tcsi  (tonic  acid  may  affect  the  heart. 

Thi  alpha-  and  beta-OTynaphtoic  oci'tfa  are  posaessed  of  antiseptic  proper- 
tiw.  which  are  said  to  he  ftomewhat  greater  than  those  of  earbolic  and  sali- 
lyli*" tirid*,  but  they  are  less  .«K»lnble  in  water,  while  the  sodium  salt  ia  less 
■BtiwiJlie,  The  acids  ar*-  irritant  and  produce  diarrhiea  and  ttymptouis 
nmiUr  Ut  thuM.*  of  siilieylic  acid.  They  seem  to  Ik.'  at  least  as  poisonous  as 
athilic  iicid,  and  have  been  used  as  oxlemal  aoliscptica  only  to  a  very 
iWtal  extent. 
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Abh.    Themp.  Montts.,  1890>  p.  101. 

/hw.     Initttg.  I>i!et.,  Bcni,  If^. 

CWttrwL     Bnl.  Med.  Joum..  181>1,  i.,  p.  696. 

>JWUyf  «,  Ih^itirr.     Arrh.  f.  exp.  Piilh.  a.  Phiinn.>  ixiv.,  p.  261. 

WiMgm.    Themp.  Monatsheft,  1888,  p.  a». 


SnlphocarbolatoB. 


I 

^H    THt  volphon  fr^oup  lessen^l  the  toxiHty  in  the  same  way  as  carboxyl,  and 

^KtbuflUlphtKurlioliktesor  pani-phenol-snlphonat^.s  are  therefore  less  pulMimons 

^nhaamrholic  acid.     Tlie  HulphocarbulatcH  of  sodium  imd  /juc  Imvcl^ecn  u.sit] 

K«c  •sternal  anti^epttcsi.  and  the  suIphucarlwUtc  of  s4N]ium  hits  U*cn  admini^- 

Vea^  ti»  arrest   fermenUition  in  the  stomach.     The  zinc  salt  jKissesscs  .mmio 

a0<<iogeDt  action  and  has  been  useil  with  goo<i  results  as  an  Injection  in  f^n- 

MrfaflBS.     The   sodium  salt    Is  probably  excreted    in  the  urine  unchanged. 

JUr9tml  err  maclie  acid  is  a  33  per  cent,  solution  of  orthophonol-sulphonic 

ACM  is  vatrr  bnt  ver>*  often  contains  some  of  the  ]Hira-acid. 

iM*i  .^fi'KcMuirholaii  {M,  P.).  Mttflii  /'hrno/Mufphnnaji  (I*.  S.  P.),  or  sodium  pam- 
ph«i>  :i:ile  ((',H,OlfS<)^(>N«,2ll,()f.  I'onns  mlorlcw,  transparent  prism!*, 

iind  witli  n  Ajiline  tiistc.     Huhible  in  0  luirts  of  water.     0.3-1  U. 
fr%.). 

.»WlpA'H->r^.,M  (B.  P.)  (Zn(OHC,H,SO,>,H,01  forma  colorIe«,  tnuw- 
eflLoreacsent  ciystala,   which   are  very  soluble   in  water  and  in  alcohol 
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Salol  lias  some  value  as  a  genitourinary  «1isi 
t()  the  salicylic  acid  ct>niix»nent  and  jmrtly  to  tli' 

It  is  used  as  a  substitute  for  salicylic  acid  in 
been  mentioned,  and  has  the  advantage  of  be 
ducing  no  irritation  in  the  stomach.     On  tli 
erable  amount  of  carl>olic  acid  freed  by  it- 
rise  to  poisoning  in  some  cases.     External' 
as  an  antiseptic,  as  it  is  only  active  when  ■ 
which  it  is  designed  to  destroy. 

fSuliein  is  used  as  a  substitute  for  sn' 
fever.     It  has  been  prescribed  as  a  aton 

Salicylic  preparations  have  to  be  u- 
toma  of  renal  irritation  are  present. 
ment  is   determined   entirely   by  tli 
known.     GlycocoU  has  been  suggest 
phates  in  phenol  poisoning,  but  wouli: 

Methyl  salicylate,  or  oil  of  wint- 
muscular  and  articular   rheamati'^ 
quantities  thus  reach  the  focus  of 
by  the  mouth.     Absorption  cerl 
provtHl  by  the  appearance  of  8ali< 
tiou  of  the  skin  is  liable  to  be  ( 
is  doubtful  in  these  diseases.^ 


Bi 


•    hcen  01 
.(I'id.     Ata 
limbs,  and  l£ 
falls,  and  d 
ion  are  first  aooe 
1"  heart  and  on  the  res^ 
-[  or  the  salts  are  give 
;-uis  membrane  has 
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aciil,  but  have  never  been  widely  emplnyoH.  Benzoin  and  tlic  Inbsn 
of  Peru  are  used  extonsively  in  jiarasitic  skin  di:*ea«?.s  esjKvialk  in 
Bcabies.  Internally  the  bcnzoates  have  been  employed  aa  substihdtt 
for  salicylic  acid  in  acute  rheumatism,  but  have  not  provvd  so  cffickul 
in  general.  The  lessene<l  putrefaction  in  the  Iniwel  after  benzoic Ktd 
6ug^sts  ita  use  as  an  intestinal  disinfectant,  and  it  baa  been  adoiinis- 
terud  as  an  antiseptic  and  slight  irritant  in  diseases  of  the  geniUMiri* 
nary  tract,  such  its  cystitis  and  gonorrhosa.  It  \vas  formerly  sup(ia-«i 
that  benzoic  acid  lessened  the  uric  acid  excretion  and  dissolved  thf  uric 
ucid  deposits  in  the  bladder  and  tissues  by  forming  hippuric  aciii,  bm 
this  is  now  recognized  to  be  ermneous,  and  the  treatment  of  pmi  uxl 
other  diseases  based  on  this  theory  may  be  considered  obsolete  The 
litliium  benzoate  of  the  LI.  S.  P.  is  a  survival  of  this  treatment,  litbiom 
l>eing  credited  with  special  solvent  projjertiea. 

Bt:nzoic  acid  is  still  used  as  an  ingredient  in  expectorant  m' 
in  which   however   it  is  generally  presorilK>d   as  the  simple  > 
IMmnd  tincture  of  benzoin,  or  as  one  of  the  Tolu  preparations;.    It  ii 
said  to   be  beneficial  in  cases  iu  which  the  mucus  is   tenacioiii>  and  is 
coughed   up  with   difficulty.     The  Hymp  of  Tohi   may  \*e  re^nlftl 
simply  as  a  flavoring  ingredient,  for  it  contains  too  little  of  the  bdsut  i 
to  have  any  other  effect. 

Balsam  of  Peru  and  pure  cinnamic  acid  hnve  been  administered  by  hyp 
dermic  and  intravenous!;  injection  and  by  the  mouth  in  puhiiuuory  tJilwrro- 
loBis,  in  the  belief  that  they  would  induce  irritation,  infl&mmatJoD  wd 
subsequent  cicatrization  of  the  tubercular  nodules,  but  there  is  no  rowoClOi 
suppi>so  tliat  they  have  any  such  eflecl,  and  the  treatinent  has  neviri4* 
vanced  beyond  the  experimental  stage. 

When  the  balsams  are  administered  in  large  quaDtitic»,  the  aiiditionof  tf 
acid  to  the  urine  is  followed  by  the  formation  of  an  abundant  ))reripiUU* \i 
some  caftos,  and  this  has  j^iveu  rise  to  the  belief  that  they  tend  to  imtai*th« 
kidneys.  The  precipitate  appears  to  be  not  albumin  bni  the  resin  in 
cases,  however,  for  it  u  disRolved  by  the  addition  of  alcohol. 
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Nitrobenzol  Compounds. 

The  nitrobenr/d  bodies  are  chiefly  of  interest  becau.se  they  hare  oft^n  give 
riae  to  (toiiioning  of  late  yearn  from  their  extensive  u»e  in  cliemieal  niunufuctu 
and  to  ttttvor  aleohnlic  liijuon*.      They  are  readily  alw>rl)ed  from  the  akin  and 
out*  rtymplomrt  luive  followed  the  wearing  of  clothing  dyed  with  them.      In 
nilrolH<nz4jl  caiu^es  a  n:rayi»h-blue,  cyanotic  i-olor  of  the  skin  and  vii<tblr  niu<:>(i 
aicmbraues,  ofleu   with   uuui»ca,   vomiting,   great   muMJular   weakiie«ft^ 
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delmtun.  and  aocae  convulmve  movements  of  the  faco  and  jaw^ 
U^w  frr*iui-utly  of  the  whole  l»oily.  Ti»tal  iinoonsciousncas  and  coma  are 
MIowiNt  Ity  urr-'sl  of  the  rejijiimtioii. 

Ttitaie  ellec'ls  are  due  in  part.  In  chungea  in  the  bloody  in  part  to  c^ntnil 
Dr-r  :;•  til,  in  which  stimulation  and  paralysis  seem  to  follow  one  another. 

Tli  -  found  of  a  cho<'ohile- brown  color,  and  aome  of  the  rwl  ceWs  are 

riiD>^r  -I- I'Tined  or  entirely  destroyed.  Examined  with  the  ppeotro8coi»e, 
tt»rChirTnoglobin  ia  very  often  found  in  it,  while  in  other  civ^k'S  an  ab^iqition 
lia«  IB  observed  t>etween  the  yellow  and  the  red,  wlueli  doits  not  seem  to  corro 
AftoaU  to  Utnl  of  any  of  the  ordinary  ha-moglobin  products,  and  haj;  thor<^- 
fofv  been  cAlled  the  nitroben/ol-ha^mo^Iobin  line.  The  blood  containfi 
•  aiQch  Kmuller  amount  of  oxyg(*n  than  normally,  in  some  cnf^e^i  only 
«■»  per  cent,  instead  of  seventeen,  and  artificial  respiration  or  even  shaking 
the  blood  in  air  fails  to  oxidize  it  further,  aa  the  eombination  of  nitroben/ol 
•ad  hjeinoglobin  iieiemA  to  be  incapable  of  abesorbing  oxygen.  Similar  changes 
RMV  U'  i>nwiuoefl  in  venoua  blood  outside  the  botly  by  shaking  it  with  nilro- 
bm£i>L  These  changes  in  the  blood  are  the  cause  of  the  eyauosi;*,  and  the 
iffl|ierfi>rt  oxidation  of  tbo  tissues  leads  to  the  ap^tearaoce  of  a  number  of 
ahoannal  pmdnobt  in  the  urine^  itnch  aa  hrematopoqihyrin.  In  animaU  ii  gii^tro- 
iBtf««tIniil  catarrh  is  almnst  constantly  proiliuvil  nnlcs;*  the  intt>xicatiriii  \n  very 
acute.  «jid  tUi-*  orrurs  evon  when  the  p<.iison  is  inhaled  or  injected  xulx-utancnusly. 

Vetadinitrobenzol  (<^^H.(XO,),)  has  repeatedly  given  rise  to  pui.'^oniiig  in 
the  manufacture  of  the  motiecn  expli>siveA,  such  as  roburite  and  sccurito.  In 
artiMn  it  resenibliM  nitn»ben7.t)l,  but  is  more  poiRonoii.s,  and  the  gastric  s>'Tnp- 
ton«  luv  mure  marked.  Amblyopia  and  a  janndiee  like  coloration  of  the 
akla  often  occur  from  prolonged  exi>osure  to  this  poison, 

nerifi  Acid  ((\KjOH(NO,)^)  is  an  irritant  to  the  skin  and  mucous  mem- 
bnUMA,  and  in  large  doses  causes  vomiting  and  often  anuria  and  strangury. 
A  cfcmrmirteristic  symptom  is  the  yellow,  icteric  color  of  the  skin  and  mucous 
Dembruies,  which  is  due  not  to  true  jaundice,  but  to  the  staining  of  the 
•pithetium  by  the  acid.  It  produces  this  coloration  when  taken  iuterually, 
Md  itr-iting  is  often  complained  of,  and  some  eczema  or  erythema  has  been 
obfterX'ed.  Violent  convulsions  occur  scmietimes,  in  other  cases  collapse. 
Tbr  nrinr  i»  yellow  or  red,  and  conttiins  some  casts  but  little  or  no  albumin, 
and  oo  bile,  the  absence  of  the  last  ser\ing  to  diagnotte  the  intoxication 
ttom  jaundice.  Picric  acid  tends  to  destroy  the  red  cells  of  the  blood  in 
r**Tr^**.  but  no  marked  dimlBUtion  of  them^  has  been  observed  in  man.  It 
tiocrvicd  OA  picric  and  picramie  acid  (t\H,OH.XH,(NO,),)  iu  the  urine. 

Pleric  arid  has  been  used  as  n  substitute  for  quinine  in  malaria,  and  as  an 
antip}-re<ic.  An  ointment  containing  it  has  been  applied  in  some  forms  of 
earaia,  but  it  gave  rise  to  poisoning  in  one  of  the  few  cases  in  which  It  was 
tkim  employed. 
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Naphthylamine. 

»teni  hwt  nhse-Tved  a  curious  and  almost  unic|ne  serien  of  symptoms  after 
administration  of  several    hydnited  derivutiVM  uf  /i-naphlbylaniine  to 
The  most  interesting  of  these  were  dilation  uf  the  pupil  and 
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protitision  of  Ihe   eyeball,  and   u  very  marked   rise   in    the   tomiK-nilurc, 
umoiintiiig  iii  »oiue  coses  to  4^**  C.     The  dilation  of  the  pupil,  wliiciini 
not  ohnorved  in  the  Iat4»r  experiments  of  Fawt^ott  and  Whitt',  ik  ai*crib«l 
Stern  partly  to  lueal  tu.-tioii  on  the  dilator  fibre.H  or  the  K'rmiDationfl 
sympathetic  uervei^  in  the  in»,  bnl  mainly  to  some  eeutral  slimutatiutL 
rise  of  temperature  is  prothnetl  in  fiart  by  the  output  of  heat  beiujH:  U 
throUKh  oontrnetiou  of  the  rntanooiis  vcH-sels,  in  part  by  increased  oxii' 
in  the  tissues  and  augmented  heat  produetiou.     The  contraction  of  thr  vi 
is  to  Ihj  attriliuUMl  eliiefly  to  stimulation  of  the  vaso-motor  centre:?,  »' 
Ihe  drug  st^enus  to  have  some  direi't  ellW't  on  the  muscular  walla  of  tJit  > 
al8o.     Coraine  has  a  ftomeu'hat  ftimiUir  bnt  we-aker  action,  but  the  oapbitiyl- 
amine  compounds  do  not  produce  local  anesthesia. 
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Tolnylendiamine. 

Toluyleudirtmine  (C^H5CHj,(NH,),)  baa  never  been  used  in  therapeai 
but  it  in  of  importance  from  the  light  which  it  has  thrown  on  some  forma 
jaundice,     rttadelmaon  found  that  its  administration  in  dogs  pn^tti 
typical  symptoms  (if  icterus,  while  in  ejit.s  the  icterus  was  lesa  nmrk 
very  large  quantities  of  hicmoglobin  were  excreted  in  the  urine.     Tht-'^l'"' 
nation  of  this  action  is  the  destruction  of  the  red  cells  in  the  bli>od,  whicH 
leads  in  the  dog  to  the  formation  of  large  amounts  of  bile  pigmenb"  in  ib^ 
liver.     Some  of  this  pigment  is  rejibsorl»ed  from  the  bile  vest«^l8  iind  leads  l^* 
typical  jaundice.     Tlie  absorption  is  promoted  by  a  curi(ms  increase  in  th^ 
mucus  .secitition  of  the  bile  ducts,  which  renders  the  bile  more  vb^etMtsan^ 
by  thus  delaying  its  evacuation  into  the  intestine  favors  its  alwk>ii>lioD  inU? 
tlie  bloo4l.     This  increased  mucus  formation  ie  believed  to  be  due  to  the 
action  of  the  poison  on  the  secretory  colls  of  the  larger  bile  ducts.    The 
turmatioii  olbile  pigment  from  htomoglobin  libcral^s*  large  tjimntities  of  inm» 
which  seems  to  be  Htored  in  the  liver,  spleen  and  bone  marrow.      In  the  cil 
the  haemoglobin  is  not  so  largely  formed  into  bile  ]>igment,  but  escai>*'3  la 
the  urine.     In  l>oth  animaU  some  methiemoglobin  is  probably  fonnedJ 
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Benzol 

Benzol,  or   benzene,  is  much    less   poisonous   than    its   hydroxyl    cwni' 

pounds,  but  may  give  rise  to  symptoms  re*H»mbling  those  of  pbeuMfwhfa  it 
is  inhaled  in  large  quiintities.  Tt  was  at  one  time  snggeslotl  as  a  K^iu*ml  »n< 
lESthctie,  but  tlie  preliminary  excitement  is  very  much  greater  than  that 
In  the  iLse  of  chloroform  or  etber,  atid  partakes  much  more  of  a  convulsivQ 
character.  Even  after  unconsciousness  and  anaesthesia  is  attained,  the  rhar- 
ju'tcristic  muscular  tremitr  of  the  aromatic  compounds  coutiuucji.  In  siime 
animals  it  produces  violent  und  pr-<»lowgtMl  convulsions,  with  only  partial  U»M 
of  sensatitm,  and  even  large  quantities  do  not  cause  the  corapIet<*  rtdaxHtiou 
of  the  mnsiMes  requisite  forsurgicjil  openUion.  It  aeems  t4)  have  little  or  no 
irritant  actiuu  on  the  alimentary  canal  or  kidneys  in  aninmls,  and  is  excrvU:*! 

'A  somewhnt  Himilnr  action  follows  thp  [idniinistratinn  of  fVpfutinnlhitt^  thv  ictiv 
principle  uf  CcphaLinthvu  i>ccidciitulit4,  BiUloti-UusIi  or  Swiiiup  tlogwuod  { Muhrbcf^}. 
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iu^Hirt  l>y  the  kidneys  us  phcMiol  double  Bulphute,  in  pBirt  uucbangud  by  the 

tbnU'jwoM  Htaies  thut  luuroorrhiiges  (Hciir  very  irp<inently  in  fatul  poipon- 
\iigin  man,  and  Omnd  tho  Piune  result  in  oxpoiimenlison  rabbits  ;  he  ast^ribtd 
lUufaUy  dfjrvufnitioii  ultiic  iirterial  walls,  wliicb  was  well-iimrkcd  in  most 
of  his  exptTimeiitiS.     A  nuoibiT  uf  oasis  of  fuUd  iutoxioaiiou  are  on  rfcord, 
fomeof  them  arising  from  the  drug  beinj?  swallowed  by  suicides,  hut  most  of 
Ihcm  from  the  accidental  inhalation  of  large  quantities  in  india-rubber  far- 
lories     Aniraaln  exp<»se<l  to  ben/f)l  vapor  do  not  seem  to  alisorb  enough  to  l>e 
^  '■  '•  ]>oisone<i.  but  when  it  is  injected  subcutAueously  or  ai>plied  over  a 
11  area,  it  proven  fatal  to  thoni.     The  ben/ol  of  the  U.  P.  onituins 
1  -  "  i  i|  only  for  pharmaceutical  purposes. 
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Pyoctanine. 
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f  ^  ^__^f       SevfTfti  of  the  dyes  derived  from  aniline  are  used  to  stain  pathogenic  genns 

«niltii(litrL*reiiliute  them  from  each  other.     This  Hugge«ted  to  Penzoldt  the 

iiinilhat  these  Iwdies.  having  a  distinctly  greater  atlinity  for  the  niicroorgan- 

ttinsihiUi  for  the  tissues  surrounding  them,  miglit  l>c  usetl  i\s  antiseptics  or 

'Ipitifntaiits,  und  t^iilling  introduced  several  of  them  into  therapeutic  use 

ninirr  ihe  name  of  pyoctaniues.     Some  of  these  dyes  have  been  found  to 

kavf  a  t;erlain  auli.septic  action,  but  the  hopes  that  were  formerly  entertained 

»t'i  their  spi'i'iHc  action  have  pnived  delusive,  and  their  use  in  niedi4Mne 

;    iherapeutica)  is  now  very  limittnl,  and  promises  to  tall  into  ubliviun. 

hion'uur  Ify<in>chhri'iitin  (U.  S.  P.),  methylene  blue,  u  dark  green  [mjw- 

'icr.  fifiilv  ^>luble  in  water  and  alcohol,  tbrming  a  deep  blue  solutiuii.     Dose, 

(1.25  0.  (4*gr5.). 

XXV.    FORMALDEHYDE. 

It  lias  recently  lieen   shown    by  nuniomus   investigiitors  llint  ft>rnial- 

drbyde  (IRX)II),   the  aldehylc  derived  from   the  oxidation  rd*  nu-thyl 

ftloohol,  Ls  XI  very  powerful   germicide,  while   it   is  only  .slightly  potson- 

ou-i  to  the  bigher  uniinals.     The  aKlohyde  is  a  colorIes.s  ga.s  and   hax 

J^et-n  ased  eiUier  ia  .solution  in  water  {fof^mnl'um')  or  as  a  vapor.     Ar  a 

e-  nniride  it  is  estimate*!   to   bo   equally  pfli(*!<'nt  with  corrosive  suhli- 

tjute,  and  its  V(>latility  enables   ii   to  (x-netrate  much   more  rapidly,  so 

that  it  may  InMised  for  purposes  for  wbieli  the  latter  is  unsuitable.     On 

die  i^tlier  hand,  its  volatility  and  irritiint  action  [>rec]iule  it;^  use  as  an 

&ntL?eptic  tn  |»revent  the  growth  of  microbes  in  woiintls. 

Action. — The  va|>or  is  wry  irritant  whtni  inhaled,  cjiusing  stinging 
and  prickling  in  the  nose  and  throat,  salivation  and  tears,  and  lirfuicliial 
Irritation  and  catarrh.  Tn  the  few  rases  of  )K>tsoning  in  man  rcmrfle^l, 
the  .sympt*im.'i  wer**  those  of  g:i.stric  irritation  and  wnseipicnt  collapse. 
Wlien  swallowed  by  animals  the  watery  solution  produces  nausea  and 
x-i^niitlng,  wliich  arc  followi?d  by  narcosis,  comji,  and  in  the  nibliit  by 
<NiiivtiUion.s  and  opi.sthotonos.  The  n'sjiiralion  i]i  the  dog  is  very 
piratlv  acrehTatcd  some  time  before  deatli,  wSiile  in  the  rabbit  this  is 
not  fio  ntnrkod  nr  is  entirely  ab.sfnU.  Tfic  bhwul-prpssnre  is  incrt'ased 
at  first  and  the  heart  18  slow,  presnnuibly  from  <lir<'<'t  or  iiidircrl  stimii- 
latluu  of  the  medullary  centres.     Part  of  the  fiirmiildebyde  absorbed 
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hafl  !>eeii   ah(twn  to  pnss  tiiron^rh  the  tiiwueH  unchangtKl  mid  lo  tv 

excreted  in  the  urine,  ami  it  is  possiblt-  that  thtr  wIkiU*  of  it  e»cai»»  in 
this  way.     The  symptoms  induced  in  animals  by  formaldehyde  arp  hir* 
the  most  part  due  to  the  iutt^n.se  local   irritation  and  inflammation,  Ua 
in  addition  a  spocitio  destructive  effect  has  becD  obiK^ved  intbelircr^ 
and  kidney  (Fischer). 

The  powerful  action  of  formaldehyde  on  microbes  and  on  miwow 
membraueji  is  believed  by  Loew  to  be  due  to  iU  combiuiiig  witli»KW 
amide  group  in  the  proteids,  and  as  a  matter  of  fact,  a  number  </ 
changes  liave  l>oen  descriljed  in  the  reaction  of  pn)teids  exjMiMxl  to 
formaline.  For  example,  egg  albumin  and  serum  to  which  formal- 
dehyde solution  hixa  been  added  are  not  precipitated  by  heat  and  *n 
leas  easily  digested  by  ferments,  while  casein  is  not  coagulatetl  b*  tli« 
rennet  ferment.  Some  of  the  ferments  (pepsin  and  diastase)  are  otit 
aflfW'ted  by  the  prestuce  of  formaldehyde,  while  try{)sin  and  pa|ttiQ 
lose  tiieir  urtivity  wholly  or  in  part. 

Beueilicenti  states  thnt  formaldehyde  is  a  blood  poison,  causing  altep" 
atton  in  the  form  of  the  ceils  and  leading  to  the  formation  of  ha^matio- 
He  is  disjwsed  to  hxik  upon  this  etl'ect  as  the  chief  factor  iu  the  in* 
toxication. 

Preparations. 

formalin,  Liquor  Formaldeuvdi  (U.  S.  P.),  a  solution  of  formaldehyde  i<^ 
water  t-<»nuiinirig  not  1c*ah  tbait  37  per  cent,  of  tiie  gas,  which  nmy  be  nbtJUO«c^ 
t'ntm  it  liy  distitlatiun.        , 

J^im/orm,  a  Hulid  polyiiuT  of  fonnaldehyde,  wliich  is  decomjiui^cd  by  UmP' 
aud  lilK-ratea  tlie  fornialdehyilt'  in  jfUiteous  form. 

Some  formaldehyde  mny  be  formed  by  the  incomplete  combustion  of  molbyl 
alcohol,  imd  severnl  lamps  have  bet^u  deviled  with  thiH  fibject  in  view,  but  have 
not  proved  entirely  sittisfaclory. 

Uaes.  — Formaldehyde  is  too  irritant  to  admit  of  its  use  as  an  anti- 
Heptie  iu  medicine  and  surgery,  but   it  has  been   largely  employed  to 
disinfect  instrumentiSj  furniture,  clothes  and   rooms,  which  cannot  be 
stnriliKed   by  heat.     Diluted   formaline  (4  per  cent.)  may  be  used  for 
some  of  tliese  purposes,  or  the  va[H>r  may  be  disengaged  by  distillation 
from  formaline,  by  heating  paraform,  or  less  efiSciently  by  the   partial 
combustion  of   methyl    alcohol.      Large  rooms  filled   with   formaline 
vapor  and  left  for  some  hours  are  found  to  be  almost  complet<»Iy  steril- 
ized, so  that  cultures  of  the  pathogenic  microbes  exposed  in  them  cease 
to  grow  even  when  removeil  from  the  atmosphere.     The  higher  animals 
are  much  less  affected,     Novy  recotnmends  tlial  the  rtiom  to  {ye  d'lsxa- 
feoted  hi}  made  as  nearly  air-tight  as  possible,  and  the  formaldehyde  be 
distilled  into  it  through  the  key-hole  of  the  door.     He  states  that  the 
gas  disengaged  from  150  c.c.  (5  oz.)  of  40  per  cent,  formaline  is  suffi- 
cient for  each  1000  cubic  feet  of  space,  if  the  room  be  closc<l   for  10 
hours.     The  odor  of  formaline  may  then   he  removinl   by  sprinkling 
ammonia  solution  with  which  it  forms  a  solid  combination. 

Formaldehyde  has  frequently  been  added  to  f<XKl,  esp*>cially  to  milk, 
as  a  preservative.  Tunniclille  and  Kosenheini  found  that  added  to  milk 
in  the  proportion  of  one  to  five  thousand,  formaldehyde  did  not  seem 
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delfteriotw  to  heulthy  childron,  but  iu  the  case  of  a  weakly  rliiUl 
k-  |>n»U*i(J  waste  wad  iiicreasi'd,  and  it  is  wrtaiiily  not  U\  Im?  rtg:inle<l 
^  hurmle&s  method  of  prescrviug  food. 

Pnnimldehyile  is  not   alont*  iri   its   j^oruiicidal    action,   although   it  ib  rrmch 
|K>wi'rful  than  the  other  loss  vujutile  and  Ifiw  active  aldehydes,  fuch  as 
Maidfitydf. 

Urotropine. 

Fmtropine,  or  hexamethylenamine  ((CHj)^^,),  has  no  important 
fc«i<»u  ilnelfj  but  is  of  interest  from  its  liberating  form  aldehyde  in  (he 
Doun*?  of  itji  excretion  by  the  kidney.  The  Ibrnialdehydc  escapes  iu 
the  urine  along  with  some  unaltered  urotropine,  and  acts  as  a  disin- 
lorauti^ptie  in  the  uriiuir>*  piiKwiges  ;  it  seems  superiiir  to  any 
urinary  antiseptic,  microbes  in  the  urine  deereii.siii^  in  number  or 
imes  disap[)earing  altogether  within  a  few  hours  of  it^  adminis- 
tion.  No  Hympttims  arise  from  ordinary  dowH  iif  iinftropiiie,  hut 
(|uautities  have  occasionally  given  rise  to  pain  and  discomfort  in  the 
r.  and  more  ni rely  to  ha^maturiii.  Formaldehyde  formn  80me  eol- 
©imhination:^  with  uric  acid,  and  this;  sugjje>;ted  the  use  of  urolro- 
m  ill  gpuvel,  calctdus,  gout,  and  similar  conditions,  but  the  results 
ave  l)een  disappointing. 
HpjcAMFrrHYLEXAMiNA  (U.  S.  P.),  Urotropine  ((CH,)^?^),  is  a 
Wte  pr\>-talline  powder,  very  soluble  in  water.  Dose,  0.2-<.).G  G. 
f^-lO  gTs),  U>  be  taken  in  a  glass  of  water. 

Trutrnpine  is  used  in  cystitis  and  uretliriti^  and  to  destroy  typhoid 
fcwilli  iu  coses  in  which  they  are  eliminated  by  tl»e  kidney.  It  may 
*»<»be  given  as  a  prophylactic  before  a  catheter  is  jrassed. 

NninvrDtM  coni|K>und.iof  Drotrnpino  have  t>rpii  introduced  of  late  yoar?  by  rival 
Vttiia^tiirore,  but  none  of  thc«e  hiw  proved  equal  to  the  c^rigiiial  dnig. 
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XXVI.  CAMPHOR. 

S«imc  of  the  volatile  oils  depxiil  crywtallinc  .substan 
tenes  after  standing  for  some  tinip,  es|n»c'ially  whon   th*;y 
to   cold.     As  a  guucral   rule  tlicso  bodies  are  preseut   ii~» 
amount,  and  have  nut  been  investigated  a|)art  from  tlio     -x^ 
of  wtiioli  they  form  conHtitiienls  ;  lint  a  few  of  tliem  liave      zx  ^  ^ 
tenlion  in  tlierapeulie-s,  not  only  on  acc<jnnt  of  their  local  ^ff^^^^    ^ 
have   been   des<:ril)ed   under  the  volatile  oil  gnmp  (.«ee  ^a^"*^^ 
alsii  lMK>:iU8f  of  their  action  in  tlie  tissues  after  al>sorptiiiii_         ^^.-* 
of  these  is  Camphor,  whirh   has  Iwen  used   in   Chinese     wnc^<^^* 
many    centuries,   and    whieh   hiis  also  played  a  it«iHidt»raI>/*^ 
Western  therapeutics.     It  is  derived  from  theCinnnmonnim   c^^ 
of  China  and  Jai^in,  and  pf>sse.sscs  the  fnnnnla/7,„H,/) ;  it  l*^    f' m 
derivative  containing   nit'lhyi   and    propyl,   in   S4»  far  reserii'>'       j 
terpenes,  from  which,  however,  it  diifers  iu  the  pR-seuco  ot   »■■ 
(-  CO)  link. 

Another  hody  rlosely  resemhling  ordinary  camphor  is  Bomeol  n'*  -'V-**  - 
cninfihor  (<',,^H,.0),  which  is  derived  from  the  Dryulmlanups  i*rorui»<'       y^ 
wlii«'h  npimrcntly  iJilfors  fnmi  onlinury  cuinphur  in  containiuK  *''**^^  ' 
(—  CHOH)  !n!*tea<l  of  (—  CO).    Ngai  camphor,  which  isohtaincti  from  ^^^m^'^ 
imisaniirern,  is  very  clof^ely  related  to  bomeol.     Another  Btean>pti^ii*-'  '§^0  ^ 
has  Iw'cn  used  in  medtcinc  a]>art  fi*om  the  volatile  oils,  in  Menthol  (*'ii»^^  i^  ; 
whH'h  is  ol>taine<I   from  the  oil  of  pepiH-nnint.  and  aii]>artully  ixml'  | 
riKin  prnmji  like  bomeol,  hut  is  more  completely  hydnited.     UorDf*-Jj*' : 
been   prepure*!  sjTithetirnlly  from  camphor,  and    menthol  from  inent' -'/' 
which  occurs  in  oil  of  peppenniuU     Thig'on,  jui  iwjiner  of  camphor,  fjcct'    ^^"^ 
in  tlie  oil  of  wonnwMMl  .ir  ulainth  and  iu  many  other  plauU,  hus  not  liecil      if 
in  medicine^  but  ia  of  great  importance  ah  thccaut»euf  epilepify  iu  chruaic  :d)i^ 
drinkers.  ^ 

Several  derivatives  of  camphor  whirh  have  l»een  examined,  reseinbf^y^ 
elort<ly  in  phanna<^olofi:ical  uclion.     Monobromated  Camphor  (r,„H,.JtrO)    '^ 
Itecn    UHcd    in    thempentics.    while    Camphorol   (C,„U,^lO,    Camphnric  A 
(C,H„(COOH) ),     Amtdoeamphftr     (C,„TI,^N}r,0),     Boinyhmine    (<\H,.(Crfy','^ 
fCHNII,))  and  some  other  derivatives   have   been  the  subjects  of  exjH'f' 
mental  invest !g;ition. 

All  of  thiy^e  resemble  each  other  very  closely  in  the  effects  which 
they  prodiKse  in  the  organism,  although  they  vary  in  toxicity  to  snmc 
extent.  Many  of  the  volatile  oils  induce  the  same  symptoms,  but  as 
these  are  ascd  almost  exclusively  for  their  local  action,  it  has  In-en 
found  advisable  to  treat  them  separately.  The  e^imphor  group  pre- 
sents analogies  to  the  simfder  bo*iies  of  the  aromatic  series,  to  which  it 
is  so  nearly  related  ehemicidly,  and  also  to  jiierotoxin. 

Symptoms. — Camphor  acts  as  an  irritant  to  the  skin  aiid  mucous 
membranes  lilce  the  volatile  oils,  and  has  a  hot,  hitter  taste,  and  induces 
in  small  tpiaulities  a  feeling  of  wannlh  and  comfort  in  the  stomaeh, 
while  after  large  doses  nausea  and  vomiting  may  Iwi  caused  by  gastric 
irritntinu.  It  is  rapidly  absnrbed  and  in  large  do-^'S  induces  headnclie, 
a  feeling  of  warmth,  confusion,  and  cxeittjment  in  man,  with  slowing  of 
the  pulse  and  Hushing  of  the  skiii.     This  excitement  may  Ixj  shown  in 
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hibriiy  «"'>'*'•»'"'""  Y:^^;W^^<^Uvation  ^ostk.ssnc^^,  or  in  MiiKlon 


poi500|"r,  -  "  —  -"v  .o  v,u:^crveu,  thc  patient   ruiling  .... 

^  of  'l"^*;*^  'f^'  "own^iouaiiess  and  stiii>.>r  iruturtJiatoIy.       In  the 

,„wcr  mamma  sca^^^  ^qJ^^^^^  ^,^^^,  ^.^.j^^  HvmptoniB,  wild  cxeito- 

^nt  «n'»  S^ri,,  ^'''"  <'<^nvnl.sions,  fijllovv^nl  hV  il(.prt..s.si(.n,  sit.por, 
«>lltp^.  r* '*!"."  '.'^•'>^  l'=iiluiv  of  the  re^^pinition.  Not  inimincnlly 
hoHrvtT  "u     ^M'ation  ceases  during  a  convulsion  and  fails  to  return 

^en  it  paflst^  off.  6 

^^  '*^.!^«:!!*,^*-^'teracnt  is  observed  except  from  the  local   irri- 


tauon:  ''*^  *""^'^^  tall 


d  into  a  condition   of  depression,  in  which    no 


,:po«tanco^^^^^^^^^^  ^^^^  ^^^^^  although   the  reHexes  seem  to   l»e 

fiale  «  V ,  .^,        '^t-      Later,  the  reflexes  disappear  and   the  animal 

iT^*      wal  Nervous  Systom.^-f'iiniphor  first  depresses  the  brain 

.'ntJ    J  \*'  "*!**'*"'  ^'""*'  *^"''  ^''"^  "^"**  ^'i*^  torminiiti.msof  the 
'^*'''  "*^  .1  '  ^"'f  'he  h(»ontant'«iiis  movements  wilsc  first,   tlu'n'f()re, 
y,ett  lb'-  J*  «''t<-n  dLsap|K,i,r,  and  finsdlv  the  muscles  fail  to  eontnK^t  when 
ti>c  pt'npnt'rai  ntrvcs  arc  stimuijitei.!,'    The  con!  is  cn\rMv  nf  .M.nthict- 
H  7^"J^^,    "^  thehniin  after  the  R-flexc:^  an-  pamlyzc.1,  hi  that 
ipiio  III  stt-ni  to  inteiTU]>t  the  connection  lietwcen  the  sensory 

^  »'^'*"''Y''*'vlls  earlier  than  that  Ixiween  the  motor  othnnns  and 
llw?  '*''''  " .  V**^  anterior  h(»m  (w.ntrast  strychnine).  Altliou«rh  einnphdr 
fcil»  '*'  1^''^  "tnvulsions  in  the  frop,  thuji>n  oth'ti  indn<'cs  violent 
ypgi«nv>*  ^''K'li  appear  to  arise  from  :stimnhition  of  the  spinal  c<inl  and 
(Oi?anIw  "''lorij^tji.  The  exact  action  of  camphor  on  the  spinal 
^,:t1  m  mammals  \n  not  finally  determined,  for  SliK'knian  fnund 
IJiat  till*  ix-flcxes  were  not  increiu«etl  in  mamnmls  by  eamphur,  and 
\iolh  that  flic  spinal  cord  is  not  primarily  stimidatffl  by  onlinarv 
mpli'ir,  311(1  is  in  fad  ilcprirssc<l  by  borneol.  On  the  (ilhcr  hand, 
(^ilifh  and  Liipin  assert  that  the  reflexes  are  increasetl  by  caniphor 
ill  niummals  in  which  the  medulla  oblongsita  has  l)een  divi<k>d,  and 
tJ»l  io  tJio  bird  this  increaswl  irritability  may  even  give  rise  to  eon- 
vubtOdH.  According  tn  them,  the  s|>inal  cord  is  finally  depressed  in 
fl«iiliu:tL^  l)y  very  large  doses  of  c^imjihor,  but  only  after  stupor  and 
(Diofl  iniiicatc  eonunencin^  paralysis  of  the  oerebnim. 

TIm'  wmvulsions  in  mammals  are  certainly  not  due  to  any  action  on 

lliP  tipinal  c^ml,  but  to  stimulation  of  the  higher  arean  of  the  nervous 

jUP-    "Tl^P  cercbnd  cortex  is  involvtti  in  the  action,  for  the  (.■onvnlsittns 

sir  la«  markctl  on  its  n-moval ;  but  in  the  lower  maninmls  the  chief 

action  «Mros  to  be  exerted  on  the  nervous  centres  situated  l>etwcen  the 

ct«v*»nil  (Mtlunchs  and  the  nic<hdla  oblongata.      It  is  not   improlKtbIc 

iftat  in  man  tlu'  ci'nbnil   action  may  I>c  nxm'  niarke<]  tluni  that   on  thu 

Krvier  area--*,  for  on  di-^trnding  lower  in  tlic  m-uIc  it  is  foun<l  that  the  crre- 

imtl  artion  U'coines  less  evident ;  thus  in  birds  tlie  removal  of  tiie<fre- 

lynuu  aeeuiA  to  liuve  nu  cflcct  on  the  eonvulsiouH.      The  lusti  of  (Ton- 
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soiousness  and  the  stupor  observed  in  man  and  the  higher  animals 
j)(>int  to  a  final  ])aralysis  of  the  cerebral  cortex. 

Tlic  Terminations  of  the  Motor  Nerves  are  paralyzed  in  the  frog  by 
largo  doses  of  camphor,  but  not  in  mammals.  The  HnBcles  them* 
selves  are  weakened  and  paralyzed  when  they  are  directly  exposed  to 
its  solutions  or  vaiK)r, 

The  Heart  is  sometimes  slowed  by  camphor  and  its  allies  in  man  and 
animals,  but  is  generally  little  affected  in  either  strength  or  rate.  The 
frog's  luart  also  beats  more  slowly,  but  the  contractions  are  stronger 
and  fuller  according  to  most  observers,  although  Lewin  found  both  its 
absolute  force  and  pulse  volume  lessened ;  these  changes  arise  from 
action  on  the  muscle  fibres,  which  are  rendered  more  irritable,  so  that 
muscarine  fails  to  arrest  the  frog's  heart  after  camphor  (compare 
physostigmine,  pp.  320,  324), 

In  some  mammals  the  Blood-pressure  is  slightly  increased  by  cam* 
phor,  in  othere  great  variations  occur,  a  very  marked  rise  being  obser\'ed 
during  the  convulsive  attacks,  while  in  the  interval  it  falls  to  below  the 
normal  height ;  these  variations  indicate  that  the  vaso-motor  centre  is 
involved  in  the  action  of  the  drug,  for  they  persist  when  the  muscular 
contractions  are  eliminated  by  the  injection  of  curara.  The  peripheral 
vessels  have  been  found  to  be  dilated  by  camphor  solutions  perfused 
tlirough  them,  and  this  action  may  explain  the  slight  fall  in  pressure 
often  seen  after  absorption  of  the  drug. 

This  slight  dilatation  of  the  vessels  is  the  only  change  in  the  circu- 
lation observed  after  camphor,  unless  when  quantities  sufficient  to 
cause  convulsions  are  injected. 

The  Respiration  is  somewhat  slower  and  deeper  than  normal,  but  this 
alteration  is  generally  insignificant.  During  the  convulsions  it  is  ar- 
rested, and  in  the  intervals  may  be  accelerated  from  the  muscular  ex- 
ertion during  the  spasms. 

The  normal  Temperature  is  not  affected  by  camphor,  but  in  fever  it 
acts  as  an  antipyretic,  like  many  other  aromatic  bodies. 

Camphor  is  partially  oxidized  in  the  tissues,  forming  camphorol 
(CnjHijOj),  this  change  perhaps  being  analogous  to  that  observed  in  the 
aromatic  hydrocarbons  and  phenols.  It  is  Excreted  in  the  urine' in 
combination  with  glycuronic  acid,  as  a-  and  /?-camphoglycuronic  acid, 
and  also  in  part  in  combination  with  a  nitrogenous  body,  which  is  prob- 
ably ununidoglycuronic  acid.  Camphorol  acts  like  camphor,  but  its 
glycuronic  acid  combinations  are  inactive,  so  that  the  e£fects  of  cam- 
phor ))ass  otf  quickly  in  such  animals  as  the  dog,  in  which  these  oom- 
liiiiatldus  art'  nipidly  formed. 

( 'aniphcir  is  possessed  of  some  antiseptic  action,  although  it  is  much 
\vt>akt'r  than  some  of  the  bodies  of  the  carbolic  acid  group,  and  also 
than  many  t>f  tho  volatile  oils.  Ijcucocytes  cease  their  movements  at 
once  when  cx|>os<.hI  to  wimphor  solutions  or  vapor,  and  Darwin  found 
that   it  ai'ts  x\i>'  a  stimulus  to  the  tentacles  of  Drosera,  an  insectivorous 

'  Monlliol  is  siiid  to  lie  fxcretod  in  small  quantities  in  the  bile. 


\ 


more  sGuiiiLive  t 
uuiou. 

OuDpftor  prodiiws  redness  and  a  feeling  of  warmth  when  rul)bed 
intri  ihf  Skin.  S«)metime«,  huwevur,  a  dwtinrt  sensation  of  cold  umy 
be  exp*'rienccd,  providctl  the  rubhing  is  not  too  eULTgetic.  Menthol 
genforally  induces  this  feeling  of  cold,  acoompimied  by  more  or  less 
prickling,  and  afterwards  by  heat  and  burning.  The  cf>ld  is  not  due 
to  cooling  of  tlie  skin,  for  the  vessels  of  the  part  are  dilated,  and  the 
themsoinetcr  indicates  u  higher  nkin  temperature  there  than  in  other 
ports  of  the  body.  It  has  lx*en  ascribed  to  menthol  being  more  irritant 
tu  the  terminations  of  certain  nerves  which  wjuvey  the  stmsatidu  (if 
cold  than  to  those  of  the  heat  nerves  and  pain  nerves,  but  this  is  dcnii-d 
hy  Rrdlett  who  statos  that  menthol  ants  only  on  the  terminations  of  the 
D**rvfw  of  c(numou  sensation  or  pain.  A  feeling  of  numbness  and  par- 
tial aoflsthcsia  follows  its  application  after  some  time,  and  a  ten  per 
cent.  Fiolution  has  be<m  fountl  to  produ(*e  anffisthcsia  of  tlie  cornea, 
which,  however,  is  preceded  by  pain  and  smarting. 

Tlie  action  of  bomeol,  menthol,  bromnti?d  camphor,  oamphorol  and  cam- 
phoric hcUX  is  almost  iflcntlcal  with  that  of  camphor  itself.  Borneo)  in  K>hs 
irriUtnl  locally,  and  the  convulHions  iire  leHH  severe  than  afU^r  oainplior,  ho 
thft(  animAls  seUlum  diu  during  the  convulsive  stage,  and  may  ifmaiii  in  u 
stAle  of  stupor  and  collapst;  fur  oue  or  two  days  before  the  re!:!piratiou  finally 
cir*Mis.  An«r  mi'nthol,  the  convulsions  are  even  less  developed  than  after 
burocol.  Both  of  these  are  excreted  in  combination  with  glycurouic  ucid. 
Bromated  camphor  HCcms  to  riwemhle  borneol  more  closely  thuu  camphor  or 
mcuthul,  while  camphoric  acid  aud  aniidu-oauiphur  prodmw  symptoms  sim- 
Uir  to  thi»^^  of  camphor,  but  are  much  \vsa  powerful.  Camphoric  ai:id 
iHMMthe  gecrution  of  perspiration  hy  paralyzing  the  terminations  of  the 
Mcrelory  ncrMv  in  the  same  way  as  atropine  aud  aguricin. 


PllEJ'AIlATIO^S. 

CAmpfaora  (V.  S.  P.,  B.  P.)  (C,„n„0),  Laurel  camphor,  a  atearoptcne  ol>- 
titmcil  from  Cianamomum  Camphum,  forms  while  translucent,  crj'stallino 
muftrt,  which  are  almost  iusolubte  in  water  but  di8ik)lve  readily  in  alcohol, 
ether,  chloroform,  fixedaud  volatile  oils.  0.1-0.6  G.  (2-lOgrs.),  In  emulsion 
or  pill. 

Jqua  Oamphorir  (U.  S.  P.,  B.  P.). 

L»  (.'AMPHOR*:  (!T.  S.  P.,  B.  P.),  0.3-2  c-c.  (5-JW  rains.). 
FKNTrM  Camphors,  camphorated  oil  (U.  S.  P.,  B.  P.). 
•VSL.A  C\AiruoR.E  CoMPOsiTA  (B.   P.),  pnregi»ric,  Contains  1  jKirt  of 
'trpliiue  iu  2000,  i.  r.,  each  tluid  drachm  is  equivalent  to  }  K^in  of  opium. 

/  "1  (Jan^thortc  ^minonm/ura  (H.  P.),  compound  camphor  liniment. 

. :  is  uIhwi  iin  ingredient  iu  tlu>  camphorated  tincture  of  opium,  or 
f«fTfCon>  (V.  S.  P. )  aud  in  soap  liniment  and  chloroform  liniment. 

Oamfih^ra  MonoOroma(a  (1~.  8.  P.),  monobromated  camphor  (C,^H,.Bi<>), 
oo&sisls  of  culorU«s  cr>'stals  which  arc  insoluble  in  water,  soluble  in  alcohol 
m4  i»thM*.     0.8-1  n.  (.1-15  prs.),  in  emulsion  or  pills. 

Menthol  (U.  S.  P.,  K  P.)  (C,„H„0),  a  steartiptene  obtained  from  the 
oQcml  oil  of  peppermint  or  from  Juf>ane.se  or  Chinese  (»i1  of  peppermint,  con- 
■btK of  oolorl&^ft  crystals  slightly  fmluble  in  water,  freely  solnhle  in  alcohol 
or  filler.  It  is  used  externally  iu  alcoholic  Hohitiou  or  moulded  into  sX'wka 
uui  i^Dclls,  which  ore  rubbed  on  the  affected  i»art. 
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Empffu/rum  Mfnlhol  iVt.  P.). 

AciitrM  rAMPiiORlcVM  (U.  S.  p.)  (II,0,„H,,0,\.  Hn  ari<l  taiiiiiiu-d  hv  lite 
oxidation  or  CHniphor ;  forais  colorless  crvsuila  ^ligbtly  t<olul>le  in  wntcr.  thtue, 
1-2  <;.  *ir>-80gr.*.). 

Bomeol  or  liomeo  camphor  (C,„H„0),  a  stenropt^ne  obtained  frcim  Prj'o- 
lmlanop««  Cjimphom,  resembles  camphor  in  nppciu*auw!  aud  solubility,  hut 
bos  not  boeii  iistil  tu  tbcrapiiitic^  ami  is  nut  oflioial. 

Therapeutic  XJsea.  — Caiuj>hor  is  ii»ed  externaMy  in  the  form  of  the 
liiiinicut  or  spirit  as  a  mild  ruU'fnciont  in  brniscA  and  ^pminSy  and 
:i1k(>  to  destroy  ijarasiteM.  Internally  the  spirit  is  prcscrilwd  a»  a 
carminative  and  as  an  intestinal  disinfectant.  Its  administration  for 
the  latter  purixiso  bas  lieen  shown  to  lie  followed  by  a  diminution  of 
the  dotdde  sulphates  of  the  uruie,  so  that  it  seems  to  retard  tlie  piitre- 
faction  in  the  bowel  to  some  ext<»ut.  The  spirit  is  frequently  given  lo 
prevent  "ehill,"  aud  may  relieve  the  congestion  of  internal  organs 
through  dilating  the  skin  vessels. 

It  was  formerly  administered  in  eases  of  abnormal  irritability  of 
the  central  nervous  system,  t^nrU  as  epilepsy  and  various  other  forms 
of  convulsions,  including  th4>sc  pnMluee<i  by  stryehniue,  but  its  action 
would  seem  to  oontraindioate  its  use  here  and  cjinipbor  is  scarcely 
prescribed  in  these  eases  now. 

It  lias  l>een  used,  appaivntly  with  success,  as  a  stimulant  to  the  ct'n- 
Ir.d  nervous  system  in  unconsciousness  and  collapse  arising  fntni  dif- 
ferent causes,  aud  in  the  depression  and  weakness  of  acute  fevers.  In 
many  of  the^^e  cases,  a  markofl  improvement  in  the  pidse  has  been  ob- 
served after  camphor;  thi-^,  like  the  similar  improvement  sei»n  after 
aloohttl,  may  pcrli:i])s  be  explained  by  its  action  as  a  htcid  stomachic 
irritant  producing  changes  in  the  circulation  reflexly.  Solutions  of 
<*iimi>hor  have  been  Injected  subcutaneously  in  these  cases,  but  they 
cause  pain  and  swelling  at  the  point  of  injection.  Camphor  Ls  almost 
entirely  insoluble  in  watery  fluids  and  is  apparently  al»sorlje<i  slowly 
and  with  dillii'ulty  in  some  conditions^  aud  this  may  explain  the 
absence  of  eHeet  in  many  wises  of  collapse  treated  with  it. 

Camphor  is  often  prescribed  in  expectorant  mixtures,  especially  iu 
combination  with  opium,  as  in  (mregoric. 

It  has  been  advised  in  hysteria,  and  both  as  an  aphrodisiac  and  as 
an  anaphrodisiac.  Any  elUnit  in  these  conditions  must  probablv  be 
ascril)ed  rather  to  hypnotic  suggcstiou  than  to  the  real  action  of  the 
drug. 

Menthol  is  used  almost  exclusively  for  its  effects  on  the  sensory  nerve 
ti'rminations,  ami  is  applied  by  rubbing  the  crystals  or  sticks  on  the 
skin  iu  cases  of  headache  aud  neuralgia. 

Camphoric  acid  has  been  found  to  lessen  the  nigbt  sweats  of  phthisis 
and  is  given  for  this  purpose  in  powder  in  doses  of  1-2  G,  It  pos- 
Be»;*cs  the  advantage  over  atropine  of  acting  ouly  on  the  sweat  glands 
in  the  dose  given,  and  on  tlie  other  hand  has  no  imeh  action  on  the 
digestion  as  is  sotnetimes  i^omplaininl  of  when  agaricin  has  been  pre- 
ticribed.     Camphoric  acid  is  slowly  absorbed  and  ought  to  be  given  an 
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i^nr  tir  more  Iwfon'  n'tiring.     It  has  jils*»  l>wn  iist^I  as  an  antiseptic, 
It  w  vory  niiicli  lesfi  eHicicnt  than  salicylic  or  carbulic  acid. 

ftonii'ol  iin<l  iiioiiol)ri>inat*-il  cjiniphor  an?  fiitiri-Iy  kii|iit{1ii<:)Uh.  The  lutliT  was 
,  ■^oQf  tinip  u-Kril  iiu  u  M'diitivc  In  Dervi>u»  uxcileuicut,  but  docs  uul  Becui  iu  huve 
Wo  at  nil  beneficial  uud  has  fallen  into  disuse. 
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Kuk,  or  raoachufl,  is  the  driwl  secretion  of  the  preputtHJ  fi>lliili's  uf  Mrmidius 
ft'«huonL%  the  inu-^k  ileer  of  Thibet.  It  I'ornis  ii  dark,  rcddif*h-bronii,  «rum- 
WiB|E  miLvs  with  a  vtry  strong  chaniotoristic  odor.  Alwiut  Hi  per  cent.  i»  8oI- 
ttbie  la  ajcihol,  abfmt  50  per  cent,  in  water. 

ibL-Jj  has  long  been  rtpiittd  to  have  a  very  powerful  acltou  in  collapse, 
WIli?so  rarely  prucuruble  at  the  present  duy,  except  in  u  very  miieh  iidul- 
l*fWtd  form,  that  it  i.s  eomparatively  seldom  used.  Veiy  little  is  known 
*i'li  ivriiiiiily  :w  to  its  rronipo.'^ition,  and  the  odoriferouH  matter,  wbiih  is 
wlJmd  to  Ih-  the  active  principle,  hjis  scarcely  l)een  examined. 

luoume  early  iiive8lij5ationy,  musk  was  fcjiind  to  eauwe  hea*hiche,  )ciddiiie»a 
«Mltt>tifusion,  with  a  feeling  of  weight  and  unea.*<iMess  in  the  stomach  :  later, 
*''1»nw(ioD  and  drowBincfiS,  and  evenliLuIly  .'*letp.  Tremors  an<l  even  eon- 
^'MVe  movements  have  also  been  ol>eerved,  luid  the  pulse  is  said  to  be  uc- 
(flcnitcd  and  strengthened. 

filrhni- fouml  tremors  and  eontrHclions  of  i!iolat«d  mu-sole  bundles  pro- 
''"f*'!  in  the  frog  from  the  action  of  an  oxti-act,  and  concliidtd  that  the 
•^Xw  terminations  were  stimulatei)  by  it.  On  the  other  hand,  Hermans,' 
"^studied  the  subject  more  recently,  could  find  no  etfects  from  the  admin- 
^wioii  (if  uiuf^k  to  men  or  animals. 

Moschufl  (V.  8.  I'.,  B.  P.)  has  been  reconimended  in  hysteria  and  in  eol- 
^M'^,  iind  i^i  preaseriheil  either  i\s  a  powder,  in  doses  of  0.5-1  O. ,  which  may 
^pvcu  per  rectum  when  swallowing  is  impossible,  or  in  the  form  of  the 
*i»ctuh.'ot"  the  U.  S.  P.,  in  doacH  of  5  e.e.  It  is  mrely  used  at  the  prefieul 
^^  and  may  be  considered  entirely  superfluous. 

XXVn.     PICROTOXIN. 

PiomtoTin  is  the  host  knoim  mrmln^r  of  a  gronp  o£  convulsive  poi- 
^^  whicb  resemble  earb  other  very  vUtitAy  in  action,  but  of  wluwe 
"iiemirtry  little  k  known  l>cyond  the  fact  that  they  arc-  dev(»id  of 
"^^fORcn.  It  is  (iUtained  fmm  tbe  Ananiirtn  panictdata  (Anjiinirta 
<*>««ias,  Menispermiim  wc<inlus),  and  is  a  neutral  inditl'ereut  body, 
P'fMoxin  (.CwIi^O,^)  may  be  broken  up  iiiln  picrotoxinin  {'',-,11,,*^' 
*  loaiigiiral  Dii*ertatif.m,  Ikmn,  I8S8. 
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wliidi  rcseuiblen  it  in  its  eifccts  on  animals,  and  pioix>tin  (C,-H,^Oy), 
whicli  is  inactive. 

Other  poisons  reeembling  picrotozin  are  Ciculoxin,  derived  from  tbe 
Cicuta  virosa,  or  water  hemlock,  and  probably  from  other  species  of  Cicutai 
(EnarUhoioxin,  the  active  principle  of  CEnanthe  crocata,  water  dropwort,  or 
dead  tongue,  and  OoHamyrtin^  which  occurs  in  several  Hpecies  of  Coriaria, 
of  which  the  best  known  is  the  Coriaria  myrtifolia  or  currier's  sumach. 
Another  species  of  Coriaria  affords  the  toot  poison  of  New  Zealand.  Pft|ito- 
laccotoxin,  which  has  been  prepared  from  a  Japanese  species  of  Phytolaoca, 
resembles  picrotoxin  in  its  action  and  may  probably  be  contained  in  the 
official  (U.  S.  P.)  Phytolacca  deeandra,  or  pokeberry.  Lastly,  a  number 
of  the  members  of  the  digitalis  series  may  be  decomposed  into  bodies  which, 
devoid  of  the  characteristic  cardiac  action  of  digitalis,  produce  the  same 
symptoms  as  picrotoxin  Among  these  may  be  mentioned  Tozirena,  ob- 
tained from  digitoxin,  Digitalireain  from  digitalin,  and  Oleandretin  from 
oleandrin.  These  bodies  all  produce  powerful  stimulation  of  the  central 
nervous  system,  more  especially  of  the  areas  around  the  medulla  oblongata. 
The  chemical  connection  between  them  and  the  members  of  the  digitalis 
series  has  been  mentioned  already.  It  may  l>e  added  that  the  two  groups 
arc  similar  in  action  in  some  respects,  for  although  picrotoxin  does  not  affect 
the  heart  and  vessels  in  the  same  way  as  digitalis,  the  latter  possesses  tbe 
characteristic  action  of  picrotoxin  on  the  medulla  oblongata,  although  in  a 
weaker  degree  ;  in  fact,  some  of  the  remedies  described  under  the  digitalis 
scries  act  us  strongly  on  the  central  nervous  system  as  on  the  heart.  Picro- 
toxin resembles  camphor  also  in  its  effects.  Two  alkaloids,  Samandarine  sad 
SamandaridinCj  recently  isolated  by  Faust  from  the  skin  of  the  newt  ap- 
pear to  vesemble  picrotoxin  in  their  effects  on  animals. 

Symptoms.  —  Tiie  symptoms,  which  are  often  somewhat  late  in  ap- 
pearing, are  very  simiUr  in  all  classes  of  vertebrates.  In  mau  vom- 
iting is  not  infrequently  observed  after  members  of  this  series,  or  the 
first  symptoms  may  be  salivation,  acceleration  of  the  respiration,  and 
some  slowness  of  the  pulse  and  palpitation  of  the  heart.  A  condition 
of  stupor  and  unconsciousness  follows  and  then  a  series  of  powerful 
convulsions,  which,  commencing  in  tonic  spasms,  soon  change  to 
clonic  movements  of  the  limbs  and  jaws.  The  respiration  is,  inter- 
rupted during  these  spasms,  but  is  reinstated  during  the  intervals  of 
quiet  and  collapse  which  follow  them.  The  convulsions  return  after 
a  short  pause,  and  this  alteration  of  spasm  and  quiet  may  continue  for 
some  time,  although  the  respiration  often  fails  to  return  afler  one  of 
the  spasms,  and  fatal  asphyxia  results. 

Similar  effects  are  observed  in  the  lower  mammals.  Af\er  a  pre- 
liminary stage  in  which  twitching  of  the  muscles  and  vomiting  oflen 
oc(Hir,  and  in  which  the  respiration  is  accelerated,  while  the  pulse  is 
slow,  a  violent  eraprosthotonic  convulsion  sets  in,  but  soon  changes 
to  clonic  movements ;  these  may  last  for  some  time,  but  eventuidly 
heoomc  weaker  and  give  place  to  a  condition  of  quiet  and  depression. 
All  incnmse  in  the  reflex  excitability  is  noticeable  during  this  interval, 
tlic  uiiinml  is  citsily  stirtlcd  and  occasional  twitching  of  the  muscles 
may  l)c  observed.  Very  soon  a  second  convulsion  sets  in,  and  iAaa 
may  l>e  fatal  from  asphyxia,  but  the  symptoms  of^n  continue  for  an 
'  -  or  more,  violent  spasms  alternating  with  periods  of  depression 
Ipse.     In  the  frog  clonic  convulsions  are  also  the  chief  feature 
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the  iotoxication.     Very  often  the  animitl  becomes  distejidctl  with 
during  the  convulsions,  aiul   gives  a  curious  cry  in  releasing  it. 
ilbe  heart   18   always  slowed  and   may  ceosp   to  heat  altcigetlier   for 
:«tiiBe. 

Aettaa.. —  The  elonio  oonvulsions  of  picrotoxin  poiBonins;  are  al- 

tfigpther  different  from  those  of  stryehnine  and  other  similar  Ic^lies, 

whieb  imliiee  prolonged  tonic  oonvulsiouB,  and  it  wjis  early  ^aurmistHl 

tkii  the  members  of  this  series  act  on  a  different  part  of  the  Oentral 

SifTDiii  System.     The  convulsions  are  found  to  persist  in  the  frog 

ftfterthe  cerebrum  hai*  been  destroyed,  and  even  when  all  of  the  brain 

ftbore  the  medulla  oblongata  has  been  removed,  although   they  are 

vmkcDcd  by  the  destruction  of  the  optic  lobes.     On  ihe  other  hand, 

thpf  dbyippear,  or  at  any  rate  lose  their  typical  character  when  the 

nwhilbi  oblongata  is  removed,  so  that  it  would  seem  that  picrotoxin  and 

ilfl  allies  act  chiedy  on  the  medulla  oblongata,  while  the  spinal  corrl  and 

tli«*  highiT  parts  of  the  brain  are  comparatively  little  aflected.    Stryeh- 

niw,  on  the  other  hand,  exercises  its  chief  action  on  the  spinal  cord, 

whiU-  the  other  parts  of  the  central  nervous  axis  are  less  affected.     It 

w«i formerly  sup|>osed  tliat  picrotoxin  stimulated  a  "convulsion  centre" 

?A  Uie  medulla  oblongata,  but  there  is  no  reason  to  l)elieve  that  any  such 

definite  area  exists,  and  it  would  rather  appear  that  intense  stimulation 

of  the  medulla  iu  general  leads  to  clonic  cdntractifins  of  the  muscles 

fihrougliout  the  body.     The  eilects  of  the  stimulation  of  the  individual 

mitrcB  in  the  medulla  are  seen  in  the  accelemtion  of  the  respiration,  iu 

the  slow  ptdse,  which  i»  due  to  inhibitory  action,  in  a  very  marked  rise 

of  the  hlood-pn'ssure,  and  in  the  vomiting  and  salivation.    The  medulla 

culougatxi  is  not,  however,  the  exclusive  stmt  of  action,  for  in  many 

aoimals  the  reflexes  are  found  to  be  increased  when  the  nuHlulla  is 

flnrered  frotn  the  cord,  and  this  indicates  that  the  spinal  cord  is  also 

excitable  than  normally.     This  action  on  the  spinal  cord  is  Iwst 

in  iht*  fish  and  reptile,  and  is  much  less  marked  in  the  fntg  and 

■nmmals^     In  tlu*  fnrmer,  picrotoxin  causes  convult<ions  even  after  the 

fflcviulln  oblongata  is  removed,  but  iu  the  higher  animals,  in  which  the 

fuoctiuDs  are  nH>rc  differentiated,  it  merely  increases  the  reflexes  or 

euMtt  very  slight  convulsive  movements  ;  and  the  higher  the  position 

io  the  so^e  of  the  organism,  the   more  closely  is  the  action  of  this 

•erifw  ixinfiued  to  the  medulla  oblongata. 

It  may  Ix*  tpiestioned  whether  the  higher  divisions  of  the  nervous 

%\\n  ta^  concerned  in  the  picrotoxin  intoxication,  for  though  in  some 

lU  ri*sllessneftH  and  increased   spoutane<n]s  movements  are  He4>n, 

may   perliaps   be  the  indirect  results  of  the  alterations   in   the 

RspiratitMi  and  circulation. 

The  Heart  is  rcjulered  slow  by  picrotoxin,  and  in  the  frog  may  come 
loa  standi^till  during  the  convulsions.  This  is  due  principally  to  stimu- 
Ittion  of  the  inhibitory  centre  in  the  medulla,  since  on  division  of  the 
Tigi  the  heart  returns  t()  almost  its  normal  rate.  Some  direct  depr«*i- 
MDB  of  the  heart  U  observed  after  large  doses,  for  the  pulse  remains 
^   downl  even  aflcr  atropine  or  division  of  the  vagi.     This  action  on  the 
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.lmt^k  ivn^tic  of  diptalis,  a-^^£ 
o   -.*!.ti  as  is  observed  afte^ 

:.^ai.veieratiou  of  the  hea 
^.  luii  this  has  been  sup 
:  ..i*i  (•entre.    Picrotoxin  cau 
.....  .>»iu  stimulation  of  theva& 

.     ^•ptr  part  of  the  cord, 
.tterated  before  any  convuisi 
.   .  e  7-pasms  is  also  very  rapid,  ov 
,    I  the  intoxication  the  breat 
..    .<.-uituIy  from  approaching  cent 
it  laryngeal  muscles  prevents 
^  .    .     lac  the  animal  becomes  enormots. 
_  .,**   ^ivii  'jb*erved  in  man  and  the  d  _ 

-  aii-»i  origin  and  not  due  to  gastric  i.  ~zr— 
.^.:i.  Xams  and  Mnsclea  do  not  seem. 
.    -^     ,a»  :he  exceptions  of  toxiresin  and 
>B^..     I*,  irritability  of  the  muscles. 

.    *icfvcoxin  in  the  body  and  the  way 

<^:t>.<\%u.     Like  other  convulsive  poison 

^^..^«uiY  when  it  is  given  in  small  quantiti 


>.      ...  ii>itnis  of  picrotoxin  and  its  allies  disai 
!i^  v-ai  is  adminiHtered.     On  tlie  other  hai 
^  ..v^.  »^  :iur^x)tic  poisons  such  as  chloral^  is  ace^^^* 
.    .tv   ni>vKUpressurc  rises,  and  the  sleep  is  less 
.^  '«v  K'i  awakened  at  once  from  narcosis  by  pic: 
..i  »v*8»  tills  ettect. 
*  \...a'\iti  is  not  antidotal  in  morphine  poisonin 
^.    ^flc^My  l)c  so  in  man  (see  page  213). 

Preparations. 

^■iVCtf^inum  (B.  P.),  p'crotoxin  (C^^O,,),  a  neutral 
I .,.   V  i.*!niri:i  puniculata,  slightly  soluble  in  water,  much  m  * 

•»..i-..oM  \V.  t*.  P.).  the  nx>t  of  Phytolacca  decaudra,  or  J^* 
■  ■...;..■  "-.K'/Mm  P/njfolacae  (U.  S.  P.),  0.3-2  0. 

fp^«rftp0atlc  Uses.  —  Picrotoxin  has  been  used  as  an 
it-^itv^  |Hiliculi,  and  in  some  forms  of  skin  disease,  but  W^ 
■M.x  lo  N»  ro(N>inniendod  for  this  purpose.     It  has  been 
^.\o  ti   by  subcutaneous  injection  in  cases  of  collapse  and 
•H^M.*itiug,  but  aca>nling  to  Koppen,  coriamyrtin  is  more  e 
uiiittHU.     It  hits  not  been  emi)loycd  for  this  purpose  inthers. 
^oi.     It   has  some  reputation  in  the  profuse  night-sweats  of 
«Ui\'h  it  diminishes  in  a  certain  projwrtion  of  cases,  probablr 
viVi»sin>r  tho  n^spiration  and  thus  pniventing  the  stimulatioij 
»u'iv\»vis    mt'ciianism    of  perspiration   through    the   partial 
Hvvtolaccii  iias  been  advised  as  an  emetic,  but  is  slow  in 
^lJU^1M^uls.     It  is  seldom  pn?scril>ed,  and  appears  to  be 
M  ;inv  rate  until  its  action  has  been  ascertained  with  n^ore 
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ftrises  frnui  tlieir  effects,  the  pbysician  ih  inducing  the  second  stage 
oT  pot3oning»  in  which  the  efficiency  of  the  heart  is  less  thiin  it  would 
W  without  the  dnig,  ami  the  dose  ought  to  be  reduced  at  once.     If 
the  inhibitory  mechanism  is  weak  or  is  pnraiyze<l  by  the  pi*eliminary 
iojpction  of  such  drugs  as  atropine,  the  second  stage  is  entirely  absent. 
When  very  large  quantities  of  any  of  this  series  are  injected,  the 
tkinlnin/ff  sets  in.     It  is  preceded  by  the  first  for  a  short  time,  gener^ 
alJy  by  both  first  and  second.     In  this  stage  the  ventricular  rhythm 
betfjmes  ven'  mucli  accelerated,  often  beyond  the  normal,  tn\d  even 
Iwrond  tliat  seen  after  paralysi»  of  the  inhibitor^'  nerves.     This  ac- 
celeration has  often  been  supposed  to  be  produced  by  paralysis  of  the 
*e^»y  but  this  is  not  ilie  correct  explanation,  for  stimulation  of  this 
uen'e  !>ometimeH  still  slows  the  heart  and   always  causes  dilatation 
t  acceleratioD  is  really  due  to  the  drug  increasing  the  irritability  of 
the  heart  muscle  to  such  an  extent  that  the  inhibitory  apparatus  is  no 
LoAjivr  able  to  hold  it  in  check. 

The  auricles  also  undei^  the  same  changes.     They  begin  to  accel- 

^raif  their  rhythm,  and  if  the  second  stage  lias  not  developed,  they 

^"Jiiliiiue  in  the  name  rhythm  as  the  ventricle.     If,  however,  the  veu- 

Hcular  rhythm  1ms  been  independent  of  the  auricular  in  the  seoond 

^tajji*,  the  auricles  are  often  later  in  being  accelerated  tluiu  the  ven- 

tridtfl,  because  the  inhibitory  ner\^e8  act  more  strongly  on  thcni.    The 

tliffcrern'o  in  rhythm  of  the  two  divisions  leads  to  a  very  characteristic 

periwlic  variation  in  the  strength  of  the  contractions  of  both  auricle 

^HkI  Vfntricle.     This  auriculo-ventricular  arhythmia  may  continue  for 

^H|M^time,  but  further  irregularities  soon  prt^ent  themselves.     At  in- 

HpRtt^  asystole  of  either 

VHitnde  or   auricle  a|>-  Fi«-  -^ 

P>ir!<,  that   is,  two  con- 

tractions  follow  so  rapid- 

'y  on  each   other,    that 

liiefhamber  has  no  time 

^w  dilale    fully    between 

^^  and  no  blood  is  ex- 

["•'Ilrd  by  the  second  one. 

These  asyatolic  contrac- 

**Wi  beoomc   more   uu- 

*«roos,  and    soon    form 

UWope  of  two  or  tbri^c, 

*'|iimit«j  by  other  groups 

p/^  ordinary  contractions, 

iw      rhythm        becomes  Trmcing  of  Uie  »flntricular  moT«n«nta  In  th«  Iwt  ctago  of 

ffiOrp    and       more      ranid  "If^t*!!*  poUoaing.     The  Irvcr  moves  u[twardH  In  syatote.    Th« 

,                                          "r      f  ohaiact«n>Uo  femiire  in  the  fxtrttue  irre({uliu-ily,  du  (wo  ooa- 

Bnd  other   InrmS  of  irreg-  tr«ctloaB  reseuiblluK  <>iuUi  ttthvr  in  rnrm  ur  ntrongtii. 

nlititj  appear,  which  it 

is  impossible  to  descrilw  here.     Eventually  the  auricle  generally  passes 
to  fibrillary  contractions  while  the  rhythm  ()f  the  ventricle  rrvntinues 
increase,  and  the  force  of  its  contmctions  and  the  output  of  each 
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combinatiuns  with  the  ordinary  chemical  reagents.     'M.oSt  ^     ij^\o\^ 
glucosides,  others  are  indifferent  bodies,  and  one  or  two  a*^  anf^^ 
There  are  often  found  in  a  plant  several  distinct  bodies  ^'    i,jcb^ 
this  series,  and  these  may  again  be  accompanied  by  others  ^ 
duce  the  same  symptoms  as  picrotoxin  or  saponin.  ^    .  poi^^ 

Digitalis  has  been  more  carefully  examined  from  the  chemic**  *  gtjtt 
of  view  than  the  other  plants,  but  even  its  active  principles  ^^^iC'i 
only  partially  known,  and  the  subject  is  yet  in  an  unsatisfactory  ^^tf 
for  the  amount  and  character  of  the  active  constituents  seem  to    .^i 
not  only  in  different  seasons  and  in  plants  grown  in  different  wASf  «^ 
also  in  different  parts  of  the  same  plant.     The  chief  active  priactp  ^ 
were  isolated  by  Schmiedeberg  in  1874  and  his  statements  have  i"   *a 
recently  been  confirmed  and  extended  by  Kiliani.     There  appear    .. 
be  at  least  four  glucosides  in  digitalis  which  possess  the  characteri^^ 
cardiac  action  —  Digitoxiny  DigitophyUln,  Digitalin  and  DigitaMn^^ 
and  these  are  accompanied  by  one  or  more  glucosides  (DigiUmin)  whi^'^ 
have  the  irritant  action  of  saponin  and  like  it  suspend  insoluble  bodi^^ 
in  water.     The  pharmacopoeial  preparations  are  made  from  the  leave^X 
in  which  digitoxin  and  digitophyllin  are  the  most  important  oonstito^^ 
ents,  though  a  small  quantity  of  another  glucoside  resembling  digitalis 
is  also  present.     These  glucosides  are  practically  insoluble  in  water 
when  pure,  but  are  taken  up  from  the  leaves  by  water  owing  to  the 
presence  of  the  digitonins,  so  that  the  infusion  of  digitalis  leaves  is  a 
very  powerful  preparation.     The  active  glucosides  are  more  soluble  in 
alcohol,  while  digitonin  is  insoluble,  so  that  the  tincture  contains  prac- 
tically the  same  constituents  as  the  infusion  except  digitonin. 

The  seeds  of  digitalis  are  not  pharmacopoeial,  but  are  extensively 
used  for  the  preparation  of  the  so-called  digitalines  of  commerce.  They 
contain  digitalin  and  digitalein  in  large  amounts  with  a  small  percen- 
tage of  digitoxin  and  a  larger  proportion  of  digitonins  than  the  leaves. 
Digitalin  is  less  insoluble  in  water  than  digitoxin  and  digitalein  is 
freely  soluble.  The  preparations  from  the  seeds  thus  differ  enUrely 
from  the  Galenical  preparations  which  are  formed  exclusively  from  the 
leaves^  and  most  clinicians  find  them  less  satisfactory  in  practice. 
Digitoxin  is  much  the  most  powerful  constituent,  and  the  small  amount 
iu  which  it  is  present  in  the  digitalines  prepared  from  the  seeds  prob- 
ably accounts  for  their  unsatisfactory  effects  in  therapeutics. 

Strophanthos  Eornb^  contains  a  crystalline  glucoside,  gtrophanUUn^ 
wJiile  other  varieties  of  strophanthus,  such  as  S.  hispidus,  contain 
another  glucoside,  ^ciw/o-«/royjAanMm,  which  is  probably  nearly  related 
to  strophanthin  but  is  about  twice  as  poisonous.  Other  glucosidtts 
— Ouiihaiii  or  Acocantherin  and  Aoocwithin — are  found  in  Strophanthus 
glaber  and  iu  Acocanthcra  and  are  also  closely  relatetl  to  strophanthin. 
Some  of  the  strophanthus  genus  contain  non-^lucosidal  active  bodies. 
The  stroi>hauthiu  of  commerce  is  generally  derived  fmm  a  mixture  of 
<Hffereiit  spt^cie^  and  varies  much  in  composition  and  toxicity. 

Scilla  maritima,  or  squills,  is  said  to  contain  SdUaiUy  a  glucoside,  very 
soluble  in  alcohol,  scarcely  so  iu  water,  but  this  requires  further  in- 
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mpuoa.     Several  otlier  active  constituents  have  beoji  deHcribed  in 

»HiulB,  Imt  u,,ne  of  them  have  been  actually  isnktcil,  and  they  rauy  W 
iftciely  impure  forms  of  .scillain.     SaiKmin  Uwlies  are  also  present. 

HwftWus  niger  eontwns  Ileiicborcinj  a  glucoside,  which  ia  very 
mlablc  III  wiitor,  and  resembleis  digitalin  in  action,  and  I ItUrboi'hi, 
»Hirai « insoluble  in  water  and  has  an  entirely  difTerent  effect. 

(kmatlamarin  (obtained  from  Convallariu),  Adonidin  (Adonis),  Otmndrtn^ 
Smin  Mid  Scriodorin  (Nerium),  Eaonymin  (Kuonymiw),  Antmrin  (Antiuri^^), 
TliutinantiCWbrrin  (Thevetia),  Cheiranthin  (Chcimnthiis),  Chronillin  (Coro- 
oilU).  T'lnghinin  (Tanghinia  venenifera),  and  Apocynein  (ApDCjnum),  are 
eiuovudn*,  fthiJc  Jpoctjnin  (Apocynum)  is  inditl'erent  and  Erythrophtteinn 
lKnltin>;ililuiiiu  >;tiiucni^o)  is  a  glucositlal  alkaloid. 

With  the  cxoeptiun  ul'  tlic  last,   then,   the  inembertt  of  this  series  which 

hw  Nvii  examined  hith4»rto  are  oither  gluooaides  or  indifleivul  snhslanrpp, 

;irhoii,  hydrogen  and  oxygen,  hut  no  nitrogen.     They  are  nil 

'•mpofte  when  kept  long  in  watery  solution:?,  and  e^iwdally  when 

lw>fd  Willi  ocid^,  and  then  fretjufutly  form  Bulmtutices  which  no  longer  pos- 

tWdigJtalin  action,  hut  are  rather  to  he  classed  with  picrotoxin.     (See 

«  436.)    It  will  he  shown  later  that  even  digitalin  and  its  congeners  have 

|)irrotoxin  acliuu  to  a  greattr  or  IcHHcr  degree,  and  it  seeinH  prohahle, 

>te,  that  all  of  them  are  derivativefl  of  some  common  DucleuH,  which 

lo  the  picrotoxin  serio-^,  but  which  in  combination  asimmtw  a  new 

irwut  through  its  action  on  the  heart  and  vcfisela. 

»yilm>phlu'ine  and  a  more  recently  iwlated    alkaloid,  Muau^ne,  which 

Hibin'  it  in  most  res]»ectd,  split  oU'  a  molecule  of  sugar  when  they  are 

WW  with  acids.     This  gluciksidal   rciiction  porhapfl  indicates  that  they  aro 

related  to  the  other  members  of  the  series  than  would  appear 

Actios.  —  The  dig^ilalis  series  possesses  a  load  and  a  general  action. 

The  Local  Xffecta  consist   in   primary  irritation,  followetl  frequently 

fcriwmlysis  of  the  sensory  nerve  codings.     Thus  in  the  eye  a  Huall 

(|uuidty  of  a  solution,  or  a  minute  particle  of  the  dry  poison  cans<*fl 

(he  iDtirit  intense  |Miin,  redness  and  congestion  of  the  conjunctiva,  and  all 

iJkj  •ymptoms  of  an  acute  inflammation.     On  the  tongue  the  bitter  taste 

itiblloved  by  I)urning  pain  frcijuently,  and  if  the  powder  be  drawn 

into  tbe  nostrils  and  larynx,  marked  swelling  of  the  mucous  membrane, 

■»eezing,  coughing  and  hoarseness  are  produced  in  many  perstms.    They 

hsvr  little  action  on  the  skin,  although  here  too  smarting  is  (Mxiision- 

allr  produoecl ;  but  when  injcctefl  subcutaneously  many  of  them  cause 

marked  inflammation,  which  not  infrequently  ends  in  the  formation  of 

t,  even  although  the  injection  has  been  absolutely  aseptic.    The 

irriiant  action  is  prodnced  in  the  stomach  by  several  of  them, 

in  lact,  by  all  of  them  when  taken  iu  very  large  (piautilics  or  for 

periods.     This  irritant  action  is  not  cqimlly  marked  throughout 

the  >pri4S,  however,  for  digitoxin  is  much  the  most  pfjwcrful  in  this 

rMpertf  while  digitalin  may  be  injected  subcutaneously  without  danger 

and  witlwnit  pain.    Their  local  irritant  action  explains  the  use  of  squills 

as  an  enietic,  and  of  ouonymus  as  a  purgative.     The  local  aniesthetic 

•rtv  is  likewise  not  e<|ually  devcloi>e*l  in  all   the  memlw^rs  of  the 

;  Aevoral  of  them  (stntphanthin^  ouabain,  erythrophlceine)  Imvc 
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been  s!iggf.stwl  at*  KiatI  niueHtJibti(\s  f<»r  the  eye,  Itut  their  priniarv  irri- 
tant effect  precludes  their  use  for  this  purpijse. 

After  ab.-virption,  the  chief  Rymptonis  an?  due  to  their  aclioii  on  the 
central  nervous  system,  the  he;irt,  and  tlic  vci^sels,  more  esju-ciully  on 
the  two  last.  The  action  on  the  Central  Nervoua  System  is  frequently 
ignored  or  attributed  to  the  changes  in  tlie  lieart  as  a  secondary  effect^ 
but  there  is  undoubtetJly  a  stimulation  of  some  of  the  nerve  centres, 
quite  independent  of  the  action  on  the  heart  and  vessels.  This  stimu- 
lation, like  tliat  of  picrotoxin,  seems  almost  entirely  limited  to  tlif 
medulla  oblongata  in  many  case^.  In  the  frog  the  excitability  of  tlie 
reflexes  is  often  lnwered  by  members  of  this  series,  probably  l>eoause 
of  the  intense  stimulation  of  the  medulla  oblongata;  but  sometimes  a 
distinctly  increased  irritability  is  observed.  These  allerati<ms  arc  mu<'h 
greater  than  those  eausetl  by  the  interruption  of  the  oirculaliou,  and 
are  therefore  independent  of  the  action  on  the  heart,  to  which  they  have 
been  erroneously  ascribed.  More  marked  symptoms  are  produced  in 
mammals,  however,  by  this  centml  iier\'0U9  stimulation,  for  in  these 
vomiting  is  elicited  very  sixin  uf\er  the  inje<Hion  of  large  quantities, 
long  before  the  heart  is  ver}'  seriously  aifected,  and  this  is  undoubtedly 
due  to  action  on  the  medulla  oblongata.  To  the  same  cause  is  to  be 
attributed  the  rapid,  deep  respiratory  movements  and  convulsions, 
which  are  otlen  observed  in  the  later  stages  of  poisoning,  and  which 
are  evidently  not  due  to  cerebral  aniemia,  as  has  been  supposed,  fitr  the 
brain  ut  this  stage  receives  quite  as  much  or  more  blood  than  it  nor- 
mally does.  Even  small  quantities,  such  as  are  used  therapeutically, 
cause  stimulation  of  certain  parts  of  the  central  nervous  system,  for  the 
activity  of  the  inhibitory  cardiac  centre  in  the  medulla  is  the  cause  of 
the  slowness  of  the  heart  which  is  seen  in  therapeutics  and  in  exj^eri- 
mcnts  ou  mammals. 

The  central  nervous  system,  then,  undergoes  distinct  stimulation  un- 
der digitalis.  This  stimulation  by  small  quantities  seems  limited  to 
the  inhibitory  cardiac  and  the  vaso-constrictor  centres  in  the  nieiiulla 
oblongata,  but  when  larger  doses  of  digitalis  and  its  allies  are  injected, 
other  piirts  of  the  medullary  centn»s  becriime  stimulated,  and  vomiting, 
increased  respiration  and  eventually  geueral  convulsions  may  be  pro- 
duced. 

The  extent  to  which  the  members  of  this  aeries  act  as  stsmulants  to 
the  nervous  centres  varies,  erythrophWine  seeming  to  approach  more 
nearly  to  picrotoxin  tlian  the  others,  while  lielleborein  is  among  the 
least  active,  but  as  yet  little  comparative  work  has  been  done  in  this 
direction. 

The  action  on  the  Heart  is  the  most  important  of  all,  and  is  what 
distinguishes  digitiilis  and  its  allies  from  all  other  substances.  This 
action  has  been  studied  most  carefully  in  the  fn)g,  and  is  found  to  ha 
due  to  au  alteration  in  the  cardiac  mus<'ular  tissue.  On  ex|>osiug  tlie 
frog's  heart,  and  watching  its  movements  after  the  injection  of  <ligitalis, 
the  muscular  action  can  generally  be  made  out  very  distinctly  (Kig.  37), 
The  heart  becomes  slower  in  rhythm,  and  contracts  to  smaller  dimensioos 
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systole,  while  it  doc»fi  u<tt  dilate  ho  fully  in  diastolt*.  Tlit'  ventricle 
therefore  wliiterdiirinp  sysU)le  than  normally,  while  during  diastole 
it  does  not  seem  so  purple,  owing  to  its  rontaining  less  hltHxl  at  eaeh 
neriwl.  The  slowing  ean  Ix?  seen  to  Ik;  due  to  the  heart  remaining 
contrarted  longer  than  usual,  while  the  dilatation  is  very  short  and 
imperfect.  Later  the  aj>ex  of  the  ventrielo  ceaBes  to  dilate  during 
diiiBtole,  and  remains  quite  still  while  the  base  still  dilates  after  eaeh 
aaricular  systole.  Or  the  whole  ventriele  dilates  only  onee  for  every 
two  wnlractions  of  the  auricle,  or  the  two  halves  iff  the  ventricle  may 
wntrnct  alternately  so  that  the  blood  is  thrown  from  one  side  to  the 
odier.  Meanwhile  the  duration  of  systole  l»ecomes  iitill  more  prolonged, 
nd  the  extent  of  diastolic  dilation  diniinishee  uutil  the  ventriele  Hually 
wiiH'S  to  contract,  remaining  in  a  iHisition  of  extreme  systole  M-ith  its 
nvily  obliterated.  The  auricles  come  to  a  standstill  also,  hut  they 
aw  unable  to  empty  themselves  into  the  contracted  ventricle  and  there* 
fiw  remain  distended  with  blood.  The  typical  action  of  digitalis  on  the 
muscle  of  the  frog's  heart,  then,  consists  in  a  tendencv  to  increased 
Kn!  pr*)longed  contraction,  and  diminished  and  shortened  diastole. 

Id  some  cases  certain  other  features  appear  in  the  frog's  heart,  for  the 
slo*  rhythm  may  be  aecom[>anied  by  a  less  perfect  systole,  and  instead 
uf  ibe  heart  cea-sing  in  systole,  it  may  come  to  a  temj>orary  standstill  in 
a  stale  of  extreme  diastolic  dilatation.     This  is  due  to  stimulation  of 

Fig.  37. 
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"Wofofthe  moTpTO«nt  of  thi»  fmg^n  rentricle  under  dl^Ulls.    The  Icrer  forms  an  iipwanl  •troko 

•I'lle.    J.  ni»rniii( :  U.  tlie  iynolv  li  w«nu'what  more  complel*  Rutl  U  Tcry  pmliHiK'''!,  »'i(l 

'  bcorrcptpondlngly  slow.     f\  the  *pi»lrii.le  rfinniD«  la  systole  with  occaitiounl  fc^'liic  dia»- 

I'lxiit*.     />,  tlu*  •llMloIes  uf  Uie  hvarl  buvL- iilmu!(l  Lullrvlr  ceiutnl.    A',  ilinaritQi  "^f  Oic  luiirt 

•  nriruimJ  dlufiiutoiiii,  a,  aiiricl» ;  r,  milrit!li'    villi  Ifav  aorUc   liulu  ^l^ltlK   Truiii   iL 

'I  lilt.'  ri'titrirle  raproKnlN  the  outline  In   kvsToIr,  the  contJnuniiii  line  Itie  EtulHtir  In 

„     .  liine  of  the  heart  Id  th«  ataDdstiU  titer  diititalis.    Tbo  ventricle  c  U  tcfv  much  con- 

"Kti-j,  tLc  uridc  a  dlitended  viUi  blood. 

wfVapns  centre  in  the  metlnlla,  and  must  be  carefully  distinguished 
"Wi  theaction  on  the  cardiac  inuMrle.  Not  infroqur  ntly  (lie  two  forms 
'Wir  ill  combination,  or  the  symptoms  of  inhibitory  action  precede 
'"^e  of  the  true  cardinc  change. 
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The  amount  of  blood  expelled  by  the  heart  varies  according  to  the 
degree  to  which  each  of  these  factors  comes  into  play.  If  the  dilata- 
tion in  diastole  is  unchanged  or  increased,  while  the  contraction  is 
greater  than  normal,  the  amount  of  blood  expelled  by  each  beat  is  of 
course  increased,  but  as  the  dilatation  becomes  less,  the  amount  ex- 
pelled diminishes  until  it  reaches  zero.  Even  though  the  amount  of 
blood  expelled  by  each  beat  is  increased,  one  finds  not  infrequently 
that  the  total  output  per  minute  is  diminished  because  the  rhythm  is 
so  much  slower  than  usual. 

The  irritability  of  the  heart  muscle  is  also  found  to  be  considerably 
increased  by  digitalis.  Thus  if  the  ventricle  of  the  unpoisoned  frog's 
heart  be  excised,  and  salt  solution  be  led  through  it,  it  ceases  to  beat 
ailer  some  time.  If,  however,  a  small  quantity  of  digitalis  be  added 
to  the  salt  solution,  rhythmical  contractions  are  oHen  induced  and  the 
heart  eventually  passes  into  systolic  standstill.  This  increased  irti- 
tability  may  explain  a  temporary  acceleration  of  the  cardiac  rhythm, 
which  is  occasionally  seen  in  frogs  and  in  other  cold-blooded  animals. 

The  nature  of  the  action  on  the  cardiac  muscle  has  been  a  good  deal 
discussed.  Schmiedeberg  brought  forward  the  theory  that  it  was 
mainly  an  increase  in  the  elasticity  of  the  heart  muscle,  but  this  has 
been  disputed  by  Roy,  who  showed  that  it  was  not  sufficient  to  explain 
the  phenomena.  With  the  present  knowledge  of  the  molecular  changes 
which  occur  in  the  heart,  it  is  impossible  to  proceed  beyond  the  state- 
ment that  the  muscle  tone  is  increased,  and  that  thereby  the  relaxation 


Fio. 


TraciDgfl  of  the  ventricular  cootractioDS  uoder  digitalis  Id  experiments  on  two  dogs.  N,  I^,  i 
contractions.  D,  If,  contractions  under  digitalis.  The  levers  more  upwards  during  systole.  In  /> 
the  rhythm  is  slower  and  the  movements  extend  further  upwards  aod  dowawarda  than  Id  A'  t.  e.,  the 
nnutructious  are  more  complete  and  the  dilatation  durine  diastole  is  greater.  In  If  the  rhythm  la 
slower,  and  the  tracing  extemls  farther  upwards  than  in  N^,  but  reaches  aimost  the  same  point  below, 
'.  r.,  the  contraction  is  stn>nger,  but  the  dllaution  Is  scarcely  changed.  Contrast  theeffeota  of  inhibi* 
tiou  aloue  In  Vlgs.  27  and  29  [pp.  289  and  319). 

of  the  muscle  is  rendered  less  perfect  and  the  contraction  more  complete 
and  prolonged.  The  inhibitory  action  of  the  vagus,  on  the  contrary, 
ttmds  to  render  the  tone  less  complete,  and  to  produce  less  complete 
contraction  and  more  complete  diastole.  The  direct  effects  of  digitalin 
on  the  cardiac  muscle  of  the  frog  are  therefore  diametrically  opposed  to 
those  of  inhibitory  activity. 

The  hearts  of  some  invertebrates,  such  as  of  the  snail,  are  said  to 
uiulerj;o  chauges  similar  to  those  described  in  the  frog's  heart,  while  the 
^I'ustuccan.s  seem  to  be  entirely  unaffected  by  digitalis.. 
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The  action  on  the  frog's  heart  is  of  pr«it  interest,  because  llie  cliangct) 

pmdiioNl  by  this  series  on  the  mammalian  heart  partake  largely  of  the 

Mine  character.     The  inhibitory  and  the  mnseiilar  aetinns  are  a^iin 

^oppoeftl  to  each   other,  but  here  the   inhibitory  is  almost  invariably 

icvflfmt  to  a  greater  or  less  degree.     The  action  of  digitalis  and  its  allies 

»n  the  mammalian  heart  may  be  dividetl  into  thre<*  stagen,  of  which  the 

irsl  and  the  third  are  always  developed  when  nufficient  quantities  are 

liuintereil,     Tlie   second  stage   may  be  absent  in  certain   oircum- 

i,  but  is  also  generally  pntsent  in  puisouiug. 

In  ihejirist  or  UuTtipratic.  ttlmj*'  of  the  action  of  this  seritw,  the  rhythm 

ftf  tin'   heart  is  changed,  and  the  extent  of  contraction  and  relaxation 

uf  the  ventricle  and  auricle  undergo  certain  modifications  (Fig.  38), 

The  rhythm  of  i\w.   heart  is  distinctly  slower  than  before  giving  the 

drug,  for  the  inhibitory  apparatus  is  set  in  activity,  and  the  slowing  is 

accurdiugly  due  to  a  pn^longation  of  the  panse  in  diastole.     The  ventri- 

da  contract  toa^mallcr  size,  that  is,  they  empty  themselves  much  more 

oompletely   than  they  normally  do.      It  is  now  universally  recitgnizcd 

UiAt  the  normal  ventricle  does  not  empty  itself  completely ;  that  even 

at  the  end  of  its  systole  there 

•till  remains  some  blood  in  f»o.  39. 

its  interior.     After  the  action 

of  ibis  group  has  begtm,  how- 

•vpT,  the  blood  remaining  at 

the  end  of  systole  is  much 

tr«e  than   before.     This   in- 

cifsc4Hl   contraction    is,    like 

thai  ia  the  frog's  heart,  due 

Co  Action  on  the  cardiac  mus- 

clr,aad  leads  to  an  augmented 

pr«aBare  iu  the  ventricle  dur- 
ing cystole.  The  papillary 
nmscleB  undergo  the  same 
fhangcA  as  the  rest  of  the 
ventricular  wall,  contacting 
more  strongly  and  more  com- 
plrtply  than  before  the  ad- 
min L-i  rat  ion  of  the  drug. 

Tlic  rebxation  of  the  ven- 
tricle is  found  to  var>'  in  dif- 
iovot  conditions.  If  the 
\tmxi  it  weak  and  dilated, 
digitalis  and  its  allies  tend  to 
\<c*nL!t\  this  dilatation,  that  is, 
(ho  relaxation  nf  the  ventricle 
dariitg  diastole  is  less  than 
befirv  the  n<lniinistration  of  the  drug.  (See  Fig.  39.)  If,  however, 
tlie  b««rt  is  nomml,  or  does  not  dilate  much  during  dia--tole,  digitalis 
incrraaw  tlic  relaxation.     (Fig.  38,  IK)     The  \'ariation  in  the  degree 


Tndnp  of  the  iDovtm«Dt«  nf  (bo  reoiricla  (lover) 
•Dit  atjrlcte  (tipper)  under  dlpiUtU.  l>iirtu([  PT*<nlv  th« 
lt<vrre  make  rq  uMlruke.  Iu  IhLa  sifjcrluifnt  thr  lo- 
hibtlnry  terniinBuon<i  bad  been  iMnUfcvil,  mi  llial  »u\y 
tbe  miJicular  aollon  li  dprrloped.  .1,  nnnnsl  ;  //,  after 
digltalift.  Thtf  rhythm  of  the  hoart  I*  «ltKbil>  tifvr\vt- 
atM  ill  It,  aiitl  thr  Iffun  ext«ti(l  further  ui>«Krtl«.  (n<1i- 
catiag  a  nion.'  pi'rfpoC  ■y0tol4^  Id  b<>(h  auricle  and  vcu- 
trloif.  Thp  ventricular  lerer  di>«B  nul  reaob  mi  far 
dnvnwardi  In  B,  i.  e.,  the  Teulrlnilar  dl«au»le  la  l«n 
oouplete. 
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If  the  inhibition  Ih;  thnl 
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<»f  dilatation  nf  the  ventriole  (Io|wnds 
inhibition  and  the  tnuflcular  action, 
the  venti-icle  relaxes  more  completely  than  before,  for  vogu^ 
tion  always  tends  to  increase  the  relaxation  of  the  hearti 
the  otiier  hand,  the  muscular  action  predominates,  the  relaj 
lesseuetl,  for  here,  as  in  the  frog^s  heart,  this  serie**  tends  i 
the  extent  of  relaxation.  In  the  normal  heart  the  applicati^ 
of  thin  series  causes,  as  a  general  rule,  an  increase  in  the  i 
relaxation.  j 

It  muf*t  be  adde<l  tliat  the  inhibition  in  due  in  part  to  stimB 
the  iutra-cardiac  inhibitory  apparatus,  but  mainly  to  the  »% 
of  the  vagus  centre  in  the  medulla.     This  is  shown  by  cutting 
!>efore  the  injection,  f(fr  the  slowing  is  then  much  less 
vagi  arc!  iatixct,  or  may  be  entirely  absent. 

If,  then,  the  ventricles  ('()ntain  moi'e  blood  at  the  beginni 
t^)Ie,  /.  f'.,  are  more  relaxed  llian  usual,  and  if  tlje  quantity  I 
at  the  end  of  systole  is  less  than  normal,  the  heart  must  ei 
more  blood  at  each  ventricular  contraction  than  it  does  normal 

Fig.  40.)  Even  t) 
amount  of  blood  i 
giuning  of  svstol 
changed  or  slighll 
ished  (lesHened  <| 
as  occasionally  hai 
amount  expelled  14 
because  the  veottj 
tract  more  compU 
tlie  number  of  I 
minute  remained  [ 
therefore,  the  a| 
bloixi  expelled  (o< 
put)  would  be  mu(j 
ed ;  Imtthe  rhythnc 
■^  than  normal,  and 

Diagrani  to  lllnstrale  the  affect  of  digltalif  on  th«  mitpnt  u    i,      *.    . i- 

of  the  ventricle.     A.  H.  i\  three  cyJlodora  witb   pialotia  Cacn     Deat    propel^ 

aii)viti|{  up  and  down  lu  tliem  and  ilrWlng  out  Raid.     In  R  „..',mint     nf    Kl^rwll 

and  ''  (dipitalln  attiotO,  Ihf  phtnrt  dcwrnds  luwcr  Ibio  In  amouni     OI      UIOOU^ 

A  (iKirntal)  niid  lo  It  it  can  also  rtne  hifih(?r.     The  oatput  n,-.f.|-a    ami    milmnni 

ofraichMrnkf  Ur«prwe.ul«d  by  th,- «had^l  nart  of  the  cyl-  **'^"^  ^"*'   pUimOW 

inder  nnd  is  Krcatr^;  Id  //,  iii  wbtch  lunre  fluid  li  |ir^»cut  tluiU   Iiorinallv    it  I 

at  I  be  bc-Kiiiuiuti:  ufltiv  -ttrxke  (Uianlole)  and  Igbk  at  Hit*  (.'iid  ,                 -.'         i 

iif  ltii!Atruki!  (!>T!iU»U')  UiKii   in  .4.     U  in  alao  greater  in  (',  mSSiblC  that  tuC  Ol 

111  which  the  Ramn  amniint  ot  fluid  la  prwRiit  at  the  he^n-  ■       ■            •           i     r 

u\ng  at  the  stroke  (tliiHtiile)  as  Id  .4.  but  leu  t»  iiKseDt  at  1)6  ICSS  tliaU   t)etorq 

lh<;  eud  t^jrntole).     If  the  pIjitoDs  make  the  »«rae  number  of  .wl^.I^.;  ,fr».^ul 

Htroken   por  luiuiite  In  .1,  B  aud  (■,  the  amount  of  llui'l  "OS    auminiSierCu. 

puin|»i*d  will  Iw  Ereatesl  lu  U  aud  leaat  lu  J,  which  reprc-  *krtrof»onfii>       iica      I 

MQtA  the  nonuarvenfri.le,  llltrHpeiuiu      llM.^ 

dru;^  the  i-^lowii^ 
great  enough  to  counterbalance  the  increased  output  per  1)eat,ai] 
amount  of  bltxtd  is  thert^fore  driven  into  the  aorta  and  pulmoni^ 
The  more  complete  contniction  of  the  ventricle  also  causefl 
pressure  in  its  interior  than  before,  and  tht'  blcMul  is  therefor^ 
into  the  vt^ssels  under  greater  pressure  than  normally 
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Tlh' dinnircfl  in  tlie  ventriolc,  tlicn,  nro  rlne  to  iuhiMtor)'  aotivUy  and 
to  fiirwrt  caniiar*  action,  tho  first  tpudinfj;  to  lesinen  the  niimbor  of  beat^. 
to  incre-asf  the  reUxation  of  tlie  tiWivs  and  t<i  wpalcnn  the  systole,  and 
ihiw  to  diminij^h  the  outpnt  and  ot!icien<'y  of  the  heart ;  tlie  floci)nd 
teuilin^  \o  strengthen  the  svHtole  and  thus  to  augment  the  ontpiU,  while 
tl«i  limiting  the  dilatation,  which  may  increase  or  lessen  tlie  efficiency 
oTthp  heart  according  to  circumstjincea. 

In  the  auricles  the  same  two  agencies  are  found  in  op|T<.sition,  the 
iiiltitit.try  stimulation  and  the  muscular  actions.  Stimulation  of  the 
iniiibitory  nerves  cau.se:$  in  the  auricle  more  or  less  increase  in  the  dila- 
tatii>Q,  while  it  lessens  the  contraction  considerably,  and  in  fact  may 
pppvcnt  it  entirely.  The  muscular  action  of  this  series  is  the  same 
here  as  in  the  veutricle,  causing  a  tendency  ttiwards  more  complete 
.^rtole  and  less  complete  relaxation.  After  snuill  quantities,  .such  as 
w  used  in  medicine,  the  rhythm  of  the  auricle  is  slow,  like  that  of 
the  ventricle,  owing  to  the  inhibition ;  the  relaxation  is  little  changed, 
but,  owing  ti:»  the  mascular  action,  the  contraction  is  more  complete. 
Ill  bm  slightly  larger  quantitie?i,  however,  the  inhibiti»ry  action  cau;?es 
a  W  complete  contraction,  so  that  the  work  done  by  the  auricle  is 
Klually  less  than  before  the  injcctioa. 

Tlie  rhythm  of  th(»  diflTerent  parte  of  the  heart  is  exactly  the  same 
(luriog  thin  atiige,  and  the  clunges  aeeu  in  the  right  auricle  and  ventri- 
cle comspond  to  those  in  the  left. 

Nat  infrequently  a  previously  irregular  heart  l)ecoraea  more  regular 
under  the  influeaoc  of  small  doses  of  digitalis,  and  this  has  generally 
beta  reganletl  as  the  result  of  the  inhibitory  action,  which  lerssens  the 
irritability  of  the  heart  and  thus  rwluces  the  tendency  lo  premature 
ttmtmctions.  But  several  investigators  have  recently  shown  that  the 
«wie  regularizing  action  is  exercisetl  by  digitalis  in  the  excised  heart, 
*beTi  there  c^juld  be  no  question  of  inhihitlon  ;  they  therefore  ascribe 
tliis  result  to  some  obscure  changes  imluccd  by  the  muscular  action  of 
wis  series  (Gottlieb  and  Magnus,  Brindenburg). 

If  larger  quantities  be  injected,  eitlw-r  the  inhibitory  or  the  muscular 
action  may  become  njarkedly  increased,  and  the  a[t{K.*ttrance  of  the 
bttrt  varies  according  to  whicli  of  these  iirtdcmiinates.  It  must  be 
o'stincily  nndersti_«xl  that  the  folloxving  symptoms  betoken  a  grave 
wmlition  of  poisoning  ai»l  arc  not  met  with  in  the  therapeutic  use  of 
'^f  series. 

In  the  ttecoTid  sUigr^  the  symptoms  are  due  to  excessive  inhibit(»ry 
■cttvity,  while  the  direct  cardiac  action  is  less  developed.  The 
"lytbm  of  the  ventricle,  and  coUM*qiiontly  of  the  }>ulse,  is  very  slow 
Wd  irregular,  :is  is  always  the  case  when  the  inhibitory  apparatus  is 
K^JBRly  stimulated  (see  Fig.  27,  p.  289),  Huring  diastole  the  ven- 
*^cle  dilates  more  completely  tlmn  usual,  while  its  systole  varies  in 
Mi*ngth.  If  the  muscular  arfiiin  is  well  developed,  it  continues  to 
^pW  itself  more  completely  than  usual,  but  very  often  the  Inhibition 
^t^jjowerful  that  the  nuisi^'uhtr  action  i^  entirety  concealed  and  the 
'.^''tole  is  weaker  and  more  bhM)d  remains  at  the  ejid  of  the  contrae- 
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tion  than  before  the  drug  was  administered.  As  a  general  rule, 
ever,  each  beat  exiieltf  room  blnod  than  normally,  l)ecaui*e  the 
engorged  l>efore  the  systole  begins  ;  but  the  rliytlim  is  s«»  slow 
the  output  |)er  minute  and  the  efficipncy  of  tlu'  hcjirt  a.-*  a  pump  ia  1cm 
tlian  usual.  This  is  the  feature  which  diiferenliates  the  Hnst  frurn  xh 
pecond  stage,  in  which  the  same  factors  are  presient ;  in  the  firy!  M.igi 
the  ofBtTiency  of  the  heart,  t.  e.,  the  amount  of  blood  expt'lled  pel 
minute,  is  greater,  in  the  second  stage  less  than  before  the  admiiiiijjd 
tion  of  the  drug.  H 

Not  infreijuently  the  auricle  and  ventricle  beat  iu  diflerent  rliythin«; 
the  ventricle  developing  a  spontaneous  rhythm  which  may  1«  either 
faster  or  Hlower  than  that  of  the  auricle.  This  is  apparently  dun  (« 
the  inhibitory  action,  which  blocks  the  passage  of  impulses  f' 
auricle  to  the  ventricle,  although  the  effect  of  the  drug  iit  in 
llie  irritubility  of  the  cardiac  muscle  may  contribute  to  it  by  iaciiitat 
ing  tlie  devehipment  of  the  spontaneous  ventricular  rhythm. 

Tlie  auricular  contractions  are  much  weaker  than  in  the  firnt  6tag< 
and  even   than   in    the   normal   heurt,  and   may  cease  altogether  ft 
siome  timc^  while  the  chaml>ers  do  not  tend   to  dilate   further  a* 
general  rnlc. 

Althougli  the  rhythms  of  the  auricle  and  ventricle  may  differ  a 
this  stage,  the  two  ventricles  always  beat  in  unison,  and  the  clamgi 
in  the  ntrength  of  their  contraction  and  in  the  extent  of  the  relaxatio 
are  similar. 

This  stage  of  excessive  inhibition  is  not  observed  in  every  caseo 
poiyoiiiug  ii;  animate,  nor  probably  in  man,  although  in  the  reoordc 
instances  of  poisoning  with  tlie  members  of  this  series,  it  seems  to  lm\ 
been  present,  as  the  pulse  is  said  to  have  been  very  slow  aud  irregula 
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Tracing  or  [he  nnriculftr  (apper)  and  Tfrntricular  mnT<;m?nC8  (1ni*ar>  aoder  iMfrttaMs,  u  the  I 
stlige  pauM  Info  tlie  acoood.  Durlog  ifatolB  Uio  lovura  uii>vi<  upwanb),  fturitig  <]iiuiole  dowtitrar 
Tbf  rhythm  or  Uie  two  cbaiobeni  Is  at  firnt  ttie  Niiue,  liut  nixni  i')i»tii,'<*-.i,  the  Biiri<-lt<  nialntalnloc 
rapid  beat  vhllr  the  rciitrlolo  bocomna  >low  and  irrcftular.  Ai  tin-  cod  of  the  Iractnij  tb<-  T^atn 
anln  booomi:^  rapid,  while  the  aurtclo  becnmc^  slow.  Thestren^th  of  the  contractlor)*  an  J  thv  acb 
in  relaxalioTi  of  the  veDlrlcle  mu8cle  T«U)BiD  Utile  ftlt«rwl. 
strcDgth,  but  improvM  icalo  at  the  tod  of  the  traelog. 


while  the  auricle  rapidly 


Therapeutic  doses  of  these  drugs  never  induce  irregularity  in 
selves,  though  the  pulse  is  often  irregular  fmm  di^y.^ase  iu  tlic 
which  they  are  prescribed.     When  in  their  therapeutic  use  irregala 
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w  xrwfti  fnim  their  effects,  the  physician  is  irxhieinfi:  the  se<x>nd  stage 
«f  \nH»mmSt  in  which  the  efficiency  of  the  heart  is  less  than  it  would 
yxhhmt  the  drug,  au<l  the  dose  ought  to  he  reduced  at  once.  If 
iiiijibiion"  mechanism  is  weak  or  is  paralyzed  by  the  preliminary 
ion  of  such  drugs  as  atropine,  the  second  stage  is  entirely  absent. 
hen  very  large  quantities  of  any  of  tliis  series  are  injected,  the 
iini/ittgt.  set«  in.  It  is  preceded  by  the  first  for  a  short  time,  gener- 
illrbyboth  first  and  second.  In  this  stage  the  ventricular  rhythm 
boitnies  ven."  much  accelerated,  often  beyond  the  normal,  and  even 
h^d  that  seen  after  paralysis  of  the  inhibitory  nerves.  This  ao- 
tilention  his  often  been  suppose<l  to  be  produced  by  paralysis  of  the 
T^w,  but  this  is  not  ti!e  correct  explanation,  for  stimulation  of  thi? 
Qcnre  sometimes  still  slows  the  heart  and  always  causes  dilatation 
TW loocleration  is  really  due  to  the  drug  int^reasing  the  irritability  of 
ttu  heart  muscle  to  such  an  extent  that  the  inhibitory  apparatus  is  uo 
User  nble  to  hold  it  in  check. 

Tb^  auricles  also  undergo  the  same  changes.     They  begin  to  accel- 

mirtbt'ir  rhythm,  and  if  the  second  stage  has  not  developed,  they 

ttwtiniie  iu  the  same  rhythm  as  the  ventricle.     If,  however,  the  veu- 

ttit-alnr  rhythm  has  been  independent  of  the  auricular  in  the  second 

»ii....  thf.  auricles  are  often  later  in  being  accelerated  tlian  the  ven- 

' -cause  the  inhibitory  nerves  act  more  strongly  on  them.    The 

in  rhythm  of  the  two  divisions  leads  to  a  very  characteristic 

variation  iu  the  strength  of  the  contractions  of  both  auricle 

«iil  icntride.     This  auriculo-ventricular  arhythniia  may  continue  for 

wnKtime,  but  ftirtlier  irregularities  soon  present  themselves.     At  in- 

••Tvnk,  asystole  of  either 

witricle  or    auricle  ap-  l''i<'-  42. 

IW»,  that  is,  two  con-  '"''''''  '  ■  '  ■'■■'  i  i  '»•>''  • 
^'"ctioos  follow  so  rapid- 
\  on  eacli  other,  that 
*wehinibeT  has  no  time 
'"  'lilflte  fully  between 
'«ra  and  nn  blood  is  ex- 
P^liwl  by  the  second  one. 
Tlt«e  Bsyslidic  contrac- 
tmiw  bwiome  more  nu- 
^^m,  and  soon  form 
S^'ijis  of  two  or  three, 
^^I'wilc-d  by  other  groups 
jj"  "tdlnary  contractions. 
^^  riiythm  becomes 
•^t  and  more  rapid, 
W(i  other  forms  of  irreg- 
r^'^y  appear,  which  it 
u  imjxifiaihle  to  describe  here.  Eventually  the  auricle  generally  parses 
wtit  fihrillaty  contractions  while  the  rhythm  of  the  ventricle  t-ontinues 
"*»Qcrea8e,  and  the  force  of  its  contractions  and  the  output  of  each 


Tmoing  n(  Uie  Tentriciitftr  nmrcnioDtii  In   the  lut  sUfce  of 
dlgtUlln  polMiDlnK-     Tho  It'vcr  movett  upward!*  Id  ij^nlole.    The 

trictioDB  resetublliiK  »ch  Qtbvr  in  Atih  or  ttrcuglb. 
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beat  decrease.  The  ventricle  finally  paseea  into  ^^^ 
alfio,  am!  the  circulation  ia  arrested,  after  which  tl»^^ 
ertrcme  degree.  -r^^^^y"^ 

All  the  features  of  the  third  stagi;  arc  due  to  the  ^^^^g* 
the  irritability  of  the  heart  muscle.  This  leads  to  ^  j  ^/^ 
beat,  and,  eventually,  thwugh  the  muscle  of  one  ^^//"^J 
lM»ing  acted  on  more  than  that  of  the  other,  to  arhyf^'y  /^/^-j 
titlic  CAintractions  are  evidently  of  the  same  origin,  auu  ^^^^ 
iimi  is  also  to  he  ascrilxKl  to  this  action.  Almost  all  t/H  /^^ 
features*  of  this  stage  may  be  imitated  in  the  normal,  ""P*  //' 
by  stimidating  the  dififerent  chambers  hy  electric  shocks;  '  yj 
which  in  the  jwisoned  heart  arise  from  its  own  exces.«iv^  ^ 
are  here  given  by  the  artificial  stimuli,  but  the  eflert  is  the  ^     _ 

Tlie  output  of  the  begirt  continues  much  augmented  during  j 
part  of  the  third  stage,  but,  as  the  irregularity  of  the  ventf^ 
creases,  and  the  asyHtolic  contractions  become  more  nnmero 
comen  less  and  eventually  fidls  to  zero  when  the  heart  passes 
liriuni.  Throughout  the  whole  courst*  of  the  intoxication  the 
beat  in  unison,  no  interventricular  arhythmia,  such  as  has  be« 
scribed  by  some  authors,  l>eing  noticvcable  at  any  stage.  Th 
auricles  often  dilfer  somewhat  in  their  rhythm  in  Uie  third  stag 
the  rhythm  of  the  ventricles  may,  as  has  l>een  stated,  be  entire: 
fercut  from  that  of  the  auricles  in  either  the  second  or  tliirtl 

The  eifects  of  digitalis  on  the  mammalian  heart  therefore 
in  general  those  observed  in  the  frog\s.  The  contraction  is 
longed,  however,  as  it  is  in  the  latter,  and  the  inhibitory  med 
plays  a  more  important  rAle.  The  irregular  stage  evidently 
sponds  in  each,  and  the  final  delirium  cr»rdis  in  the  mammal  re|| 
the  continued  contraction  in  the  frog,  the  mammalian  heart  nfl 
capable  of  a  continued  systole.  The  heart  iu  mammals  ia  ga 
found  in  a  condition  of  diastole  in  cases  of  fatal  digitalis  pou 
and  this  luis  been  supposed  to  indicate  a  fundaraentid  differf^noe 
action  of  digitalis  on  the  amphibian  and  mammalian  heart, 
tation  is  not,  however,  a  direct  result  of  the  digitalis  but  is 
induce<l  by  the  poisons  formed  iu  the  heart  by  its  own  activity 
the  maninmli:m  heart  is  excised  and  bluiHl  containing  digitalis 
fused  through  the  coronary  vessels,  complete  systolic  standstill 
ventricle  re^Muhliug  that  seen  in  the  frog  is  o(\eu  the  final  on 

The  Peripheral  Vessels  are  affected  in  several  ways  by  \h& 
of  this  series.  The  increasetl  output  of  the  heart  in  the  th 
Htagr  augments  the  pressure  iu  their  interior,  and  it  seems  not  uc 
that  the  vaso-motor  centre  is  stimulat^nl  and  that  this  causes 
traction  of  the  arterial  walls.  Hut  \u  addition  to  these  eOka 
muscular  wall  of  the  arterioles  is  constricted  by  a  direct  actiofl 
glucosides  and  !h«»  resistimce  to  the  flow  of  bhK>l  from  the  arS 
the  veins  is  increased,  which  further  raises  the  tension  m  the 
and  larger  arteries.  Tt  siH-ms  likely  that  all  the  memlwrs  of  the 
do  not  act  efjually  at  all   three  iM>inta,  but  very  little  is  kno 
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Aittly  on  the  subject  except  that  digitoxin  acts  more  powerfully  on  tlie 
I'jtspla  than  some  of  the  others,  and  that  erythmphheine  acta  more  on 
w  medulla  and  !&»  on  the  heart  than  any  other  ghiooside  hitherto 
txaminHJ. 

All  the  digitalis  bodies  then   increase  the  arterial   bloDd-prcssiire 

ptftly  ihrongh  changes  in  the  heartland  partly  throngh  contraction  or 

ihi'  vascular  ^vallH.     There    is  on    the  one   aide  an  unuHiially  large 

imouul  of  blood  expelled  by  the  heart,  on  the  other,  unuHual  resist- 

Mce  to  its  passage  out  of  the  arteries.     And  this  apix'ars  to  be  the 

final  result  when  digitoxin  is  inject^Hl.      Rnt  when  strophanthin,  digi- 

^talia  or  mnvallamarin  ia  uswl,  a  further  eomplioatiou  arises,  for  these 

as^mcwliat  lei*8  inarkiMl  vascular  action,  and  though  the  vessels 

^  the  abdorainal  oi^ns  are  contracted  in  the  same  way  a«  by  digi- 

FiG.  -13. 
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Tttfin^  "'  •*—  ^'fM>fl-prw»iHTe  mnd  ibe  Toltiine  of  Hip  Ipr  antl  of  llir  tiplecR  r>r  the  Hog  uudcr  rtro. 
•(•■''•'n  •llrrikfitsnee,  '.  e..  Uie  vtisavU  »T"  *-itatnn-tc<\ :  lu  tug  of  ilroiihantbua  were 


lOff  uuo 

ttt  the  Im  [Qcresscfl  witli  ihu  blixKl-prcMdre,  i.  r.,  tht-  vckkiIm  ut  tlin  I«k  are 
't'n  •lirrilfibihee,  *.  e..  Uic  v*mi»<?U  an-  (H^otnw-tixl ;  lu  tiig 
>/  at  u,  fuUownl  by  5  lug.  at  t.    (Uurtuui  lUiJ  Maonds.) 

''**rfl,  tijose  of  the  extremities  dilate.  This  dilatation  is  jmrtly  owing 
^  tbe inf-reiisod  presi3ni*e  in  the  inierior  overcoming  the  ciiiitniotiiui  i»f 
*'e  Wiills,  but  is  mainly  to  l>e  ascribeil  to  a  nllex  stinuilalion  of  the 
^i-dilalor  centre  induced  by  the  contraction  of  the  abdomimd  ves- 
^k  The  brain  vessels  react  in  the  siime  way  as  those  of  llic  linil>s, 
itoxin  contracting  theni,  while  under  htrophandiin  they  are  little 
The  result  is  that  wliile  tlie  outflow  fri»ni  all  the  vessels  is 
led  by  digitoxin,  the  bUxtd  current  in  the  splanchnic  area  ahme 
slower  under  strophanthin,  while  that  in  the  limbs  and  brain  is 
Mually  acceleratetl-  The  rate  of  flf>w  thnnigh  thf^  coronan.-  vessels 
*^  die  heart  under  the  members  of  lliis  wrics  has  U'en  investigated  l>y 
wit,  who  finds  that  digit^ixiu  conlractti  these  vessels  and  n-tards  the 
►W  supply  of  the  heart,  while  strophanthin  appears  to  have  little 
Xnfluwice  on  them. 
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It  follows  tliat  under  all  of  the  series  the  blood  teD(U  to  acnifni 
on  the  arterial  side  at  the  expense  of  the  venous,  for  more  bl( 
pumped  into  the  arteries  and  it  has  greater  difficulty  in  escapiog. 
while  under  digttoxin   the  different  rejpuns  of  the  body  api>enr  tol 
equally  affected,  strophanthin,  digitalin  and  oonvallamarin  not  oniT 
tend  to  aeoumulate  the  hi<HMl   on  the  arterial  side,  but  divt-rt  it 
the  internal  organs  to  the  limbs. 

When  the  extreme  slowing  of  the  s^rond  ataf/e  appears,  the  uutpt 
of  the  heart  is  reduced,  and  the  pressure  in  the  aorta  and  the  wlix-iu 
of  the  blood  may  become  subnormal  (Fig.  44).  Wheu  the  acceleration 
of  the  thirfl  fUa//c  follows,  the  output  h  again  augmented  and  nuiy  I** 
greater  than  ever  ;  the  blo<Hl-preHsure  and  velocity  increase,  but  the  bean 
eoon  Ijccoraes  irregular  in  the  force  of  its  contractions,  the  output  \i 
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Bliii>il-|irt9k<>ur«  inM^tns  iiniler  rllsiulla.  ^.aantiAl;  /I,  IWrnpeuUu  ftUKV  ;  r,  i-xc-«u|tc  Inblt 
rAiiMJiifc  n  luw  bluod-i'rcwijre  from  leawued  oatfHit  of  the  heart.  //,  cxceulre  iDhibltinu  wllk< 
irrcffulnrity  In  rhrLliui.  A',  tbird  Bt«ge  of  irrogulnrltr,  <liirtng  which  the  blAod-preMun  rtiM ■ 
frum  tb«  iDCTMsea  output  uf  the  bean  and  Uie  further  ooDtnotioo  of  Um  v««»«Ui. 


from  cerond  to  Fccond,  and  the  pressure  and  velocity  in  the  aorta 
slowly.     The  blood-pressure  tracing  shows  tlie  irregularity  of  tbf 
more  or  less  aoeurately,  but  must  not  be  taken  to  indicate  at  al 
real  condition  of  tiiat  organ,  as  the  constriction  of  the  arterioles  vai 
at  different  times.     Eventually  the  pressure  falls  to  zero,  when 
heart  ceasi^. 

In  the  pulmonary  circulation  the  pressure  is  not  raised  l)y  eoroe 
the  series,  such  as  strophanthiu  and  hellelwrein,  while  after  digitalis^ 
rise  in  the  pressure  in   the   pulmonary  arterj'  is  soraetimts  seen, 
all  of  them  iucrcase  the  output  of  the  right  ventricle.     The  expl 
tion  of  this  paradox  probably  is  tlmt  the  pulmonary  vessels  can 
tain   not  only   the  oi*dinary   supply  of  blowl,  but  also  an  iiw 
volume  without  offering  any  great  resistance.     In  the  later  stages 
pulmonary  circulation   presents  irregularities  similar  to  thoeie  of 
sytitcmic. 
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Action  on  the  Renal  Secretion.  When  dijritalis  wap  first  introduced 
to  the  notice  of  tho  mwliciil  pnifcssiou  by  Withering  ils  action  ou  the 
bmrt  was  not  apprcciatetl.  Withering  used  it  only  ti*  remove  accumn- 
ktions  of  fluid  from  the  body,  which  it  accomplished  by  increasing  Jie 
«rret3on  of  nrine.  This  observation  of  Withering  was  soon  confirmed 
hv  fnrther  experience  in  the  use  of  this  drug,  liiit  it  was  h>ng  dis- 
pol^  whether  this  diuretic  action  occurred  in  heahh,  or  whether  it 
was  not  (H>nfine<l  to  cases  in  whicli  pathological  accnmulations  of  fluid 
were  present.  Digitalis^  however,  as  is  now  conceded  by  almost 
FVer}*one,  causes  some  increase  in  the  quantity  of  nrine  secreted  hv  the 
Qonnal  animal^  although  this  is  small  rnmiiareil  with  that  in  cases  of 
drxipsv.  The  fiuid  of  the  urine  is  much  more  largely  augmented  than 
solids,  which  may  remain  unchanged.     The  taiuse  of  this  increase 

Fiti.  45. 
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I  mine  In  a  nihMI  oodcr  ditflUll*.  tarh  n-cUii|;lc  rv|imctila 
>iii)-H.  .1  iin<l  U.  Duriutti  •ocrHI«jti.  In  IIil-  nvxi  icu  Diiuuti's 
I  ilniTeiMniolv  uiiil  a  rmpid  increua  la  tlic  MM-n-iinn  f<.l)<i«fj. 
iiiB<t<'.  cavil  Wtitu  sutvfHcd  tiy  a  ciin^hit<rablv  uuKint'Oti'd 
iiji  tUv  ttTeragt!  l>liiiM|-|>rp^Mirp  al  «ifh  (i«ri»<].     It  will  tx- til>- 

!>>  f««iiiic  itiin-a-M'  In  iht'  arii*rlal  lt?U4ioii.  rootrut  f1j(.  'J3  (p. 
uiit  ul  Utt-  ±i.-i.n:iic<u,  atiJ  alitu  u*  to  Ut«  Iwbavlur  uf  ttM  Mwxt'prwwiw. 

io  ihf  n*nfll  secretion  is  not  generally  believed   to  he  a  direct  action  on 

the  secretory  mechanism,  such  as   is  met  with  undtr  aifleine ;  im  the 

-■'•,  the  kidneys  themselves  are  supposed  to  be  artctl  on  onlv  iu- 

ihrijugh  ihe  changes  in  the  circulution.     The  renal  vessels  are 

oimlracUtl  by  the  uH'mliers  of  this  series  in  the  same  way  as  the  vessels 

of  iht"  «»ther  abdominal  organs  (Gottlieb  and  Magnus),  and  this  might  bo 

|exfte>cti*d  to  lessen  the  secrcti<m  of  urine,  for  other  agencies  which  cou- 

the  renal  v(»^kc1s  have  this  effect.      The  diuresis  induced  hv  digi- 

|^il«t   ai'cordingly  he  ascril>ed  to  the  cardiac  elianges  and  not  to 

►nstrictor  artion.     It  maybe  sup|>osed  that  the  accumulation 

t]o(>fl  in  the  arteries  and  the  e*msi'<|ucnt  fall  of  the  venous  prrs- 

hich  has  IwM'n  shown  to  occur,  lead  to  an  augmented  How  of  the 

Ijrinpb  into  the  blood  vessels,  and  tliat  the  bloo<l  is  thus  diluted  and 
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the  kidneys  therclbrc  incitM  to  nUnom^nl  activity',  M'hile  at  the  suai 
time  their  nutrition  is  improved  ;  and  in  addition,  the  increased  prtssnim 
in  the  f^Ioniemlus  must  accelerate  the  HItratiou   thrcjugh   the  caik*uk 
It  is  |>ossible,  also,  that  at  any  rate  some  of  the  meml>ers  of  (hi*  ^n&t 
act  as  slijrht  irritants  (o  tin*  n;n!il  oiMtlieliuui.     The  apj>earancet'rifIo(M 
and  alljuinin  in  the  urine  of  animals  after  large  dosed  of  wjuiJis  aii<l 
digitalis  certainly  Indicates  some  htcal  action  quite  apart  fpom  the  cir- 
culatory chanfi:es. 

The  changes  in  the  circulation  in  man  can  be  followed  only  i(I)pe^ 
fe<'tly.  The  heart  rhytlun  is  very  distinctly  slower,  and  the  npf;i  Iwit 
is  much  strrmger  than  i>efore  the  administration  of  the  drug;  die 
pulse  is  slower  and  stronger  and  the  artery  feels  more  tense.  It  mu«  be 
adtled  that  the  strength  of  the  pulse  is  not  to  be  regardetl  as  agaug* 
of  tfie  chanf^s  in  the  cardiar  mus4.^1e,  for  it  is  due  not  only  to  tbo  in- 
cruasiHi  .'itren;;th  of  the  cardiae  contraL-tion  hut  also  to  its  slow  rhvthm. 
When  the  lieart  is  heating  rapidly,  the  arteries  have  no  time  to  empty 
themselves  completely,  and  the  pulse  is  small,  while  on  tlie  oiher 
hand,  when  digitalis  slows  the  heart,  the  arteries  have  time  to  eraptr 
their  contents  into  the  capillaries  before  the  next  wmtraction  occ(ir% 
the  walls  therefore  become  more  Haccid,  and  a  new  wave  of  blood 
causes  a  more  distinct  impulstn  In  some  cases  of  fever  the  vugui 
seems  to  have  less  control  over  the  heart  tlian  usual,  and  after  digi- 
talis there  is  no  very  marked  slowing,  although  the  action  on  tlic car- 
diac muscle  may  be  fully  developed.  The  pidse  is  harder  owing  to 
the  increased  blood-pressure,  but  it  is  not  much  slower,  and  the  im- 
pulse iloes  not  seem  stronger  than  before.  If  the  physician,  jutl^ng 
from  the  pulse  that  the  drug  has  been  given  in  too  small  quaiititia, 
preseribcs  larger  doses,  the  elfects  on  the  heart  may  be  disastroa-S* 
the  tliii-d  stage  of  irregularity  and  less  perfect  actif>n  of  the  heart  n*)' 
be  induced.  In  those  cases  in  which  this  series  seems  to  have  noaclioB 
on  tlie  pulse,  the  heart  and  the  general  condition  of  the  circulation  mitfl 
be  very  carefully  examined  befiire  larger  quantities  are  prescribci 
If,  for  exiimpl^^  the  urine  he  found  increased,  or  the  oedema  U 
marked  than  before,  or  the  lireathlessness  and  the  dyspnoea  have 
apix-ared,  the  drug  is  fnltilling  it^  chief  purpose,  even  though 
pulse  remains  apparently  unchange<L 

In  Cases  of  Poisoning  with  the  digitalis  scries,  the  most  alarming 
symptfjms  arise  from  the  circulatory  changes.  In  the  well-kiHtwii 
case  of  Kttppe,  wIjo  accidentally  poisonc-d  himself  in  the  course  uf  hi* 
iavesliguti<ms  on  digitoxin,  the  first  symptoms  were  uneasiness,  gid^fi" 
ness,  nau-^ea  and  vomiting,  and  great  uiiiscnlar  weakness.  The  pul* 
then  fell  to  about  half  its  normal  rate  and  became  intermittent,  ajid 
the  increasing  muscular  weakness  was  accompanied  by  pretx^rilifll 
anxiety,  imperfect  vision,  and  constant  nausea  and  vomiting,  which 
prevented  sleep  and  rest,  and  which  persisted  for  over  thirtv-six  hoars 
without  improvement.  The  symptoms  then  slowlv  disapijeared  and  bt 
recovered  entirely  in  about  a  week.  The  quantity  taken  by  him  wis 
2  ™g'XjV  &*"■)'  **"*  ^'^"''  ^^y^  previously  he  had  taken  1  mg.  {^^^')i 
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ftd  it  is  pofwiWe  that  this  may  nnt  have  been  absorbed  c<inij>lotely. 
i  aoy  cose  the  small  dose  of  digitoxin  nt'ccs^ary  to  iuduoii  almost 
tal  symptoma  iudu^tes  that  it  is  one  of  the  most  powerful  poisons 
mown  at  present. 

The  main  action  of  tlds  series  is  on  the  circulation,  but  some  other 
Itsults  of  their  administration  of  lei<s  <v>nse(|uoneo  have  l>een  observed. 
Thus  in  fever  the  Temperatxire  is  not  infntjdcntly  rediieinl,  although 
it  ivmaiiis  imchan^'d  after  the  adniinistralion  of  digitalis  to  tlio  normal 
luiraul.  This  a<:tion  is  said  by  some  to  be  the  result  of  collapse,  while 
ithrrs  believe  it  to  be  due  to  the  changes  in  the  eirculation,  but 
iiitber  of  these  seema  to  be  a  very  happy  explanation.  It  has  Wen 
taied  already  that  the  members  of  this  series  act  as  stinnilants  to 
orae  iMirt*  of  the  <^^utral  nervous  system,  and  a  possible  oxphiiiation 
if  their  antipyn;tie  action  would  l)e  an  increased  activity  of  tin'  tenijier- 
lujTp-contn tiling  centre.  It  has  been  shown  by  Ilaniack  that  several 
entral  nervous  stimidants,  including;  ])icrotoxin,  cause  a  fall  in  the 
lemperature  in  this  way. 


Another  oheervation  wlilch  has  been  made  in  ropnnl  to  this  seriej*  is  that 

tv»il»  to  weukeii  arnl  i-vcntuuDy  to  ])anily/o  llu-  Muscles,  uiid  still  more, 

UruiiuatJons  of  the  peripheral  Nerves  of  tlie  fro^.     Tor  this  purpose  it 

bo  applied  in  <pianiitieH  which  woiiUI  at  once  htoif  the  mammalian 

and  this  action  certainly  never  even  commont'cs  in  wjinn-bloodcd  an- 

ik     I^rj:c  quantities  of  digitalis  are  said  tu  act  on  llit*  uustiiateil  muscle 

s'venil  oriicaus,  such  as  the  stomach  and  utcruii,  uud  to  iuercusc  Ihoir 


Preparations. 

DifitaliB  (V.  B.  P.),  Digitalis  Folia  (li.  P.),  foxglove,  the  leaves  of  Digitalis 
urpuren  eollecied  from  plants  of  the  second  year's  gro^^-th.     0.D3-0.1  G, 

Exttwtutn  DtgifalU  (U.  t*.  P.),  n>-20  mjTR.  (J-§  gr.). 

Ffuitks/racfum  Diijitn/i*  tU.  B.  P.).  0.05-0.1  c.c.  (1-2  mina.). 

IKFCSCM  I>rfJiTAUs,  U.  S.  P..  4-S  c.c.  (1-2  n.  dr.);  B.  P.,  2-4  fl.  drs. 

TiscrruA.  Digitaijs  {V.  S.  P.,  B.  P.),  0.3-1  c.c.  (r>-i.'i  mins.). 

"IhifHatine  "  of  commerce  varies  much  in  romposiliou  and  in  dose,  some- 
Smc*  proving  entirely  inert,  while  al  other  tinves  it  Iimh  ].riivi'il  poisonous  in 
fomparatively  small  quantities.     C'rystulliiic  dJ^ilaliiit;  very  often    consists 

BIy  of  di^itoiiin,  which  is  entirely  devoid  ul'  thi-  di^itaiin  nction.     Other 
nations  seem  to  roiitain  mntli  di^itophylliu.      "  Di;fUaliintni  r  *thwi  "  is 
_        fco  be  pure  digitalin,  and  may  W  injcclcd  Huhculaneously  without  dan- 
w.     2-6  mg.  (i'a-r*fi  P".). 

DigUtKtin  tias  been  prescrihed  in  doses  of  t's  mg.  (tJt  gr.),  but  the  forms  at 
resent  on  the  market  vary  greatly  in  strength. 

The  tincture  aud  in(\iftion  arc  tlie  most  commonly  used  preparations, 
'he  rxtnirt  and  the  ])0\vdci-ed  leaves  may  be  given  in  the  fonn  of  jiills.  The 
reiwnitionfeonjiht  to  be  freshly  made,  and  solutions  i»f  *'  digitaline  "'  and  digi- 
•iiti  niu>t  not  be  kept,  ns  they  soon  deccmiposc  and  becuiiic  entirely  inert. 
Strophaathna  (V.  S.  P.),  the  wed;*  of  Strt>phan(hns  hispldus. 
Strophanthi  Semina  (B.  P.),  tlie  peedn  of  Strophanthus  Komb6. 
Ejtrortom  SirnpfuDtthi  (B.  P.).  i-1  gr, 

TuieriuA  Strophanthi  (X'.  8.  I'.,  B.  P.),  0  3-1.0  c.c.  {5-15  mins.). 
harUAintim  (V.  S.  P.  I.  varies  in  tr»niiio«tion  inid  in  [lower.  Itit  dose  is  gen- 
y  pTCD  iw  1  nig.  (flV  ^'r.),  bm  this  i»  often  devuid  of  iiction,  while  in  other 
*  0.2  nig.  has  been  found  a  hulUL-icat  dose,  aud  it  iu  therefore  to  be  u:ied  with 
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ol^n  followed  by  a  fall  of  temperature,  and  Traulw  recommi'ndpd  H 
as  an  antipyretic,  but  it  is  no  longer  used  for  this  par(V)He,  a?  the 
modern  antipyreticid  arc  mucb  more  |>owerful  and  ccrtaiu  in  ibor 
action,  and  at  the  same  time  are  Ws  danj^erous. 

The  tliiiivtic  action  of  (li<ri talis  is  also  not  advised  except  whew 
other  indications  than  a  dimiiuitiou  of  the  renal  secretion  are  pn-stut, 
for  in  ordinary  cases  it  has  much  less  effect  than  caffeine  and  othi-r 
diuretics.  If  ihe  annria  be  secondary  to  disturbances  of  the  cirt-uU- 
ti(»n,  however,  ilipilalis  is  the  diuretic  jKjr  excellence  and  cnnnul  Iw 
replaced  l>y  any  i>f  the  onlinary  means  of  promoting  the  urinary  e«r»- 
lion,  although  they  may  advantageously  be  combined  with  it,  S*|TiilU 
U  more  fiv(|iiently  used  as  a  fliiiretic  than  digitalis,  and  it  8t»emH  pn.tl*- 
able  that  in  ad^litiori  ti^  its  action  on  the  heart  and  circulation,  it  <.'Xc^ 
cises  some  direct  stimulant  influence  on  the  renal  epithelium,  .Siiiills 
and  digitalis  are  often  pre,scril>ed  tx>getlier,  where  large  accumutatiuiu 
of  fluid  have  to  be  removed.  A  famous  pill  used  in  these  case*  ooo- 
tains  a  grain  each  of  digitalis,  squills  and  calomel. 

Several  of  these  drugs  are  of  considerable  lienefit  in  pulunmnry 
diseases  accompanied  by  cough.  Thus  in  bronchitis,  more  espcrittllv 
in  cases  of  old  standing,  the  addition  of  squills  to  an  "  expoctuniit 
mixture"  is  often  followed  by  the  most  satisfactory  resulU.  Tlx' 
action  here  is  probably  two-fold.  In  the  Hrst  place,  the  right  heart 
mav  be  dihited  i»wiiig  to  the  frerpient  ntrain  put  on  it  by  coufthinc, 
and  S(|uill3  rumedies  this  coudiliou  by  its  usual  cardiac  action.  In  the 
8ec-ond  place,  all  these  drugs  |)osscss  to  a  certain  extent  emetic  pri>[>- 
erties,  and  thus  cause  an  increase  in  the  bronchial  secretion,  and  reD- 
der  the  sputum  less  tenarious  and  more  easily  expectorate*!.  Tbe 
a<ldition  of  squills,  in  which  this  property  is  more  developed  than  m 
the  others,  has  the  same  effect  as  the  prescription  of  ipecacuaiiba, 
along  with  the  further  action  on  the  heart. 

Digitalis  is  sometimes  prescribed  to  slop  ha?morrhagcs,  but  thflUfi 
it  cxinstricts  the  vessels  it  accelenUes  the  flow  through  them,  an<l,  :»>  '^' 
the  case  of  other  haemostatics,  the  Iwneiits  arising  from  the  trtiiinu-n' 
are  problematical,  lii  tlie  circulator)'  wesikness  following  severe  Ihii'- 
orrhage  and  shock  the  cfl^ecte  of  this  series  would  seem  to  be  IikI'* 
catwl,  were  it  possible  to  tlicit  their  action  sufficiently  rapidiv,  UnfuP" 
timately  many  hours  gcntrally  elapi^e  ln-fui-e  the  heart  and  ve;^Us« 
atfecrHl,  when  they  are  exhibited  by  the  month.  These  comlitionf  iii* 
generally  Irouled  by  more  nipidly  acting  measures,  such  as  the  iiitn- 
venous  injection  of  salt  solution ;  the  effects  of  this  treatment  ^ 
maintaimil  much  longer  if  a  small  quantity  of  digitalis  tincture  » 
addtii  lo  the  sidt  solution. 

SipiilU  was  at  onu  tiuic  used  an  an  rmetir,  but  this  cannot  he  reoora* 
mended,  owing  to  the  danger  of  its  absorption.  Euonymus  has  lie**" 
employed  as  a  purgative  more  frequently  than  as  a  cardiac  renn<ly 
(See  page  107.) 

Some  conditions  in  which  the  cai'diac  action  of  this  scries  is  lo  ^ 
elicited  only  with  the  greatest  caution,  have  been  already  indinit<d 
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gelhcr  indefinite.      It  is  recoiniized  that  strophantbus  acts  less  on  die 
veseels  than  digitalis,  and  this  gives  an  indication  for  its  U£e  in  eoow 
oases.    On  the  other  hand,  s(|iiill3  acU  more  on  the  kidneys  than  either, 
and  IH  ihen^fore  given  frcqucnity  as  an  adjuvant  to  digitalis  in  ca^ra 
wlicrt-  diuresis  is  desired.     It  also  irritates  the  gastric  mucous  tncm- 
hnuip  more,  and   is  often  used   ns  an  expectorant.      Rut  the  deuilsof 
tile  action  of  each  are  still  to  ho  worketl  out.    One  important  quesiifm, 
which  is  practically  unbroken  ground,  is  the  relative  action  ofeiichrm 
the  vafrus  eontrc  and  on  the  heart.    The  bt'neticial  results  from  then* 
of  digitalis  are,  as  li:ts  Im'cti  p'viiited  out  already,  to  l>e  ascrihtnl  alni-Ht 
entirely   to  its  action  on   the  cardiac  muscle.     The  stimulation  uf  ik' 
vagus  may  conceivably  lessen   the  benefit**  of  the  cardiac  action  Ity 
wcJikening  the  auricular  contraction  and  slowing  the  rhythm,  so  lh»t 
it  would   be  of  considerable  interest  and  importance  to   find  a  tlmg 
having  the  same  canliac  arti(in  without  the  inhibitory,'  and,  failing  i« 
this,  to  compare  the  etfeets  of  digitalis  alone  with  those  of  tUgitalis  ao*l 
a  drug  which  weakens  the  inhibitory  action.     This  would   have  to  be 
given  in  quantities  sullinicnt  to  prevent  an  increaswl  inhibition  without 
eiiiliug  off  tlio  normal  restraining  impulses  which  pass  down  the  vagV 
and  the  treatment  would  he  rendered  considerably  more  difficult 


BlBLIOGRAJ'UY. 

The  hibHotfraphy  on  (he  digitalift  sfries  w  so  exl«^nsive  that  the  stmlent  can  onlj 
referruti  to  ihat  v\vv\\  by  the  following  authors, 

Borhm.     IMhigtr's  Anh.  f.  d.  ge*.  riivsii)!.,  v.,  p.  153. 


f. 


Path.  u.  Ph&nii.,  xvi 


Schmicdcberrj.     An-h.  i.  exp. 

Kofti'fl.     Ihiil.,  xxii.,  p.  77. 

fnitifoia-Ihinek.     (liniqtie  niedicnlc  de  la  Charite 

C'tishnif.     Joiirri.  of  F.xii.  Me<l.,  ii.,  p.  2fiit. 

IlumcL     Berl.  klin.  Wmh.,  ISVo,  p.  7b\). 


.  1. 
xxxii. 


,  p.  140. 
Paris,  18»4,  p.  549. 

( Erythrophheine. ) 
,  p.  1. 


(SciUa.) 

(Strophnnthn.*.^ 
v.,  p.  349.     (Acdkantl 


lyaf-     Arch.  f.  ox]t.  Path.  u.  Pharro., 

Kliwjrn/n-iw;.       IMd.,   XXxili.,  p.  .'i-IS. 

GMcnbrrfj.     InnuK.  Diss.,  Doruul,  18112. 

JarmernU-ifi.     Arch.  f.  exp.  Piiln.  ii.  Phnmi.,  xL,  p.  2* 

CenvUo.     Ihld.,  xv.,  p.  215.     (Ailonii*.) 

Fra$er.     Trarw.  Ruy.  Soc.  Kainbiirgh,  IHWnnJ  1891. 

Fra.vr  and  TUlie.     Aroh.  intemut.  (l«  Pharinaoodyn,, 

Prrroift,     Trav.  tin  Lab.  tbi'ra[>eiit.  exp.,  ii.,  p.  221. 

Lrwin.     Virdiim's  Anh.,  cTxxJv.,  p.  231  ;  cxxxvi.,  p.  83;  cxxxviiL,  p. 

KiUam.     Arch,  tier  I'harmacie,  1802-1809. 

ihdbum.     Skandin.  Arch.  f.  Phys.,  vi'ii.,  p.  185.    Arch.  f.  exp.  Path.,  xIt.,  pu  ^^ 

Frn'-nkfl.     Arch.  f.  exp.  Path.  u.  Phanu.,  iL,  p.  40;  Ii.,  p.  8-1. 

Ji*-Mii.     Ibid.,  xliii.,  p.  130. 

Stmub.     Ibid.,  xU'.,  p.  ^17. 

QixUa.     Ibid.,  xlv.,  p.  4^to. 

Gottlkh,  Siihii,  etc.     Verliaiidl.  d.  Congress  f.  inn.  Med.,  1901. 

Wyiumv!.     Ari'h.  f.  exp.  Path.  u.  Phariu  ,  xliv.,  p.  4;H. 

Jii-uun  M.  MatftT.    Sitzungsb.  d.  Wiener  .Vkaii.  Maih.  Duturwitten.  CI.,  cnu.,  m.,  p.  *^» 

Fatutt.  Ueber  Bufonin  u.  Ilufulaliii,  Luipsig,  1902;  Arclu  £,  exp.  I^th.  u,  Pho^*^ 
ilix.,  p.  1.  ^J 

Goitiieb  and  Mnguiu.  Ai-cb.  f.  exp.  Path.  u.  Phann.,  xlvii.,  p.  135;  xlriii,  p.  S^ 
U.,  p.  30.  I 

FitusL     Ibid.,  xlviii.,  p.  272.     (Acoeantherin.)  | 

Lod>.     Ibid.,  ti.,  p.  &4. 

^  HeUctforein  has  conipumliTely  little  action  on  the  inhibition,  but  in  a  number  (/ 
case»  uf  ca  ttllac  di^L-a^'  in  which  I  hare  attempted  to  Mubtfiitute  it  for  digitalis  it  iDdutftf 
irritation  uf  the  intestine  and  diurrhtpa  through  it^  Idc-iil  irrilaiil  actioo. 
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TTTT      SX7PRARBNAL  OR  ADRENAL  GLANDS. 

Tlie  ^il[^^^^reual  glands  tit*  all  vt*rlel>ratfa  huvc  been  sbowii  to  contain 
Iwily  which  iMtsist^sta  a  puwert'ul  action  uu  the  orj^nirim,  and  which 
»e  giauils  oornmlly  bocrcte  into  the  blood-vessels.  The  active  principle 
ras  6rst  isolatinl  Ity  AU^1»  and  has  Ikvu  namwi  cpinrphrine  or  ad rm-' 
liiie.  It  i^  a  cdinparatively  simple  wui)stnncc  of  nithor  unstable  cliar- 
:tcr,  readily   pa^sin^  into  an   inactive  imKiiticatinn,  and  a[»poars   to 

[be  a  fethlv  ba^ic  derivative  of  benzene,  corresponding  Ui  the  fomndu 

TC^3(OH),  —  CHOH  —  CH,  —  NITCir,. 

The  chapucleri>tic  action  of  adrenaline  is  Ix-st  clicittxl  by  its  injection 
\ntn  a  vein,  when  it  Ktimnhites  the  iernunationH  of  the  synipatiietic 
oorvc!  arising  from  the  lumbar  and  dorsal  rej;:iona  of  the  Bpinul  cord. 


Fio.  46. 


Ii.^l>)t  of  the  bkml'preuare  under  the  Influence  of  extract  of  gapraretial  g^od.  which  wm 
^vtaJtBio  the  Juguliir  vein  M  a. 

Tlie  first  effect^  itbservo*!  fntni  the  intravrnons  injection  of  adrenaline 
*^ivery  marked  riiic  in  the  iii'terial  blo<xl-pr(.*i*sun%  accompanied  at 
''rst  hy  acceleration,  then  by  slowing,  and  later  again  by  aex?eleration 
'^Hhc  hi-art.  This  rise  in  blood-pres-sun?  is  f(»r  the  most  prt  dm?  t^i 
^*^«triction  of  the  vessels  *.*{'  the  alKluniinal  cjivily,  luit  an  iiinrase  in 
^  efficit'ney  of  the  hwirt  -iinilar  to  that  seen  under  digitalis  iiften 
plars  a  part,  thoujrh  a  subordinate  one.  The  snddm  ineivasc  in  pres- 
sure occurs  after  def*trnction  of  tlie  vajto-motor  centre  and  cord  or  seo- 
titJii  of  the  8plam:hnic  nrrves  and  pandysis  of  the  puifjlla  on  tlic 
^(>-tv>nstrictor  nerves,  sfi  that  it  is  obvirmsly  due  t*»  dii*eot  action  on 
tW  mnstdi!  of  the  vessel  walls,  or  on  the  tei'minations  nf  thr  nt-rx'es  in 
Win.  All  the  vessels  of  the  ImhIv  aiv  not  constrictwl  by  adreualine, 
l«wever,  for  those  of  the  lungs^  heart,  and  brain  are  outside  its  .sphere 
ofactitin,  not  receiving  nervp-tiHres  from  the  thoniriro-lunibar  eord. 
Tbe  blood  ii=,  therefore,  diverttnl  from  tlio  abdominal  cavity  to  these 
fli^aas,  which  nnder  adr*»nuline  become  noticenbly  congested.  And 
*vfn  in  organs  whose  vessels  are  constrictetl,  the  degree  varies  eonsid- 
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€rably,  ap[)arL*iitly  acttirding  to  the  amount  of  control  iiormallv 
ciscd  by  tbe  coustriutor  nerves  ;  thus  the  vessels  of  the  uterus  arc  mure 
contraetefJ  th:in  tbo^e  of  the  bla<l<lor,  and  tliese  aguin  more  tlwn  lUw' 
of  the  striutttl  niust'les.  The  terniiiiati^ui.s  of  the  vayo-dilator  tilin-un! 
al.si>  cxciteii  by  ndretialine,  u-s  may  be  ilemonst rated  by  jmralyzinp  ibf 
cr>nstrietor  terniiiKitinns  by  erg<jtoxine,  when  adrenaline  causes  n  fiillnf 
blimd-pressurc ;  but  in  normal  animals  this  aetion  is  entirely  conwsW 
by  the  stiiimlatimi  of  the  nn>re  |M)\verrnl  eon:*trietor  fiinetioiis. 

The  iiceeh'p.itioa  of  the  lieart  undiT  a4livnalitie  is  due  In  ?>tiinuli)ti(in 
iti'  the  terminatiuus  of  the  accelerator  nerves  in  the  lieart-nniscle.  ami 
is  therefore  acconipanitMl  by  a  stron^T  contraction  and  nioi*e  oimi|ikie 
evacuation  of  the  chandKTs.  A'eiy  K)on,  however,  the  accclfnitHrti 
gives  place  to  the  slow,  ftdl  l>eat  eharacteristio  nf  inhibitory  jiriivitr. 
This  U  very  niiirh  lessene<l  by  seetion  <tf  the  vjigi  and  enmplrtrly  ilip- 
a[)peurs  under  jitropine,  so  that  the  chief  eause  of  the  >\*a\  Uiit  i* 
obviously  exeitatiou  of  the  vagus  centre.  This  excitation  is  not  dmli' 
direct  slinmlatiou  of  the  centre  by  adrenaline,  but  is  the  ivsult  of  ihe 
increase  in  bNmd-prcssinv.  After  a  short  time  the  bhKKl-pres'ilirf  Ix-iriD- 
nin^  to  fallj  or,  the  VMgns  ei'ntre  iKTornin^f  exliaustwl,  the  artTlcnilDf 
stimulation  a^.iin  g:uns  tlie  u]>per  hand  and  the  pulse  Ls  moeb 
aceeiei-atiHj. 

The  effty^tj4  on  the  heart  and  vessels  resemble  in  many  points  tlw^ 
luitler  di^nudis,  but  diHer  from  these  in  their  more  rapid  f»nsi't,  tlieif 
greater  intensity,  nnd  their  shurt  duration.  The  frug^s  heart  i^  \(^ 
easily  afVected  than  liy  diu:italis,  bnt  similar  changes  have  bro 
observed . 

The  eti'eets  on  tlie  cireulution,  rnul  also  tm  other  orpms,  lastODht 
few  minute^,  but  ctiu  be  rmeweil  by  a  fresh  injection. 

Tfie  eonrraetion  of  tlie  vessels  may  be  di'nionstrate<l  by  |)erflting 
bhxxl  c<intaiuing  a  trace  oj'  it  tliiHiu^li  excised  orgtms^  for  nnirh  Its* 
hloiKl  esea]vs  from  the  vein  than  when  bbKnl  alone  is  |>erlus<.'d.  Or^ 
solution  may  be  applie<l  to  a  mucous  niend>nme,  wlien  the  part  Itocomt'* 
pale  and  aiuemic  from  the  eonstrjetinn  of  the  vessels  ;  this  is  well  h^'H 
when  tlif  drn^  is  applied  to  the  eongesteil  e<»njunetiva  or  to  the  iiK**""* 
tery.  l*aiute<]  on  the  unbroken  tikiu  udi*eualiiie  has  no  efl'eci,as  it  fuil* 
t^i  penetnite  it,  bnt  di  nndnl  surface^  lieeonic  blanelnil  and  luernorrlairf 
et^ases  from  snndl  vessels.  It  h:i>  uo  elleet  when  |».'iiiited  on  the  huicof 
on  the  l)i*ain,  ilk-  vessels  bri-e  nnt  nix-ivinir  ttbrt-s  fmm  the  syni|vitl«*"^'- 

Besides  the  vessels  and  heart,  otlier  orpins  inne-rvate*!  by  i\w  \h"^' 
cicolinnbarsymiMithetic  fibres  also  resp<»n<l  to  adrenaline^  the  natmr^' 
the  response  var^-inj:  with  the  nature  of  the  intpulses  normally  tra"^ 
niittrd  by  these  uerv(^-(ibtvs.  Tim-,  the  peristaltie  movements  of  tbf 
stomarh  nnd  iutrstinc  are  itdiibited  by  splanchnie  stininlatiini,  y"*^ 
adn'naltne  has  tlie  s;mie  etleet,  But  certain  f-p«Malized  |)arts  of  tl«* 
bowel  wall  receive  motor  fibres  from  the  syuipathctic — the  pyloric, il*^ 
colic,  aiu\  internal  anal  sjdiineters — and  these  are  tlirown  into  oontnf^ 
tion  by  adrenaline.  The  movements  of  the  pdl-bhulder  are  inhihii''^' 
and  those  of  the  gall-duct  are  increased  by  symjMithetic  stimidatiun  lU^ 
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)'  adreoaline,  and  many  other  inrttnnccH  of  similar  action  have  beoa 
eel  by  Elliott.  One  of  the  most  iut^Te-stiiig  is  pn^&ented  by  the 
,  which  in  the  pregnant  cat  contracts  ou  stiinulatinu  of  tlic  bypo- 
tnerve.-i  nr  after  atlrcmiline,  wiiib*  in  the  mni-prcj^tiant  aiiinial  Ixith 
se  cause  inhibition  and  relaxation  ;  in  tbi.*  r:ilil»it,  <>u  the  other 
both  can.se  contniction  in  all  c;isc^,  while  in  the  dojj;  b<itl»  cause 
ction,  followed  by  relaxation.  The  n-aetiou  of  the  bladder  to 
Jine  differs  in  different  siK'cies  of  animals  according  to  the  nature 

tloniinunt  impulses  of  the  Uiiiibar  svm|»;aJietic  nerves.  In  the 
Irenaline  genendly  tiiiatc-*  the  pupil,  the  eyelids  are  widely 
i,  the  eycl>all  is  pnitruded,  and  tlie  uiotitiiting  membrane  with- 
,  ejipecially  when  the  irrilahllity  of  the  terminatitms  has  l>een 
ietl  by  pi-eviouH  section  of  iht-  cervical   sympathetic   conl.      One 

uustriated  muscles  which  fails  to  react  in  any  way  to  adrenaline 
t  en<*irclin^  the  lm>ticJxioleH,  and  these  appear  to  be  devoid  of 
thetiti  innervation. . 

13  adrenaline  causes  c*)ntraction  of  some  forms  of  unf*triatetl  muscle 
taxation  of  others,  and   tt  Llii*tH'fort'  a]>pi^irH  unlikrly  that  it  acts 

muscle  directly.  On  the  other  luintl,  its  effects  corres]>ond  very 
'  with  those  of  sympathetic  stimulation*  so  that  the  inferenee  has 
Irawn  that  it  arttrts  the  terminations  of  the  nerves.  Apiinst  this 
'  be  ari^ned  that  when  thL»se  nerves  are  cut  and  allivvvc^l  to  degen- 
ftdn;n:ilinc  still  acU,  but  this  merely  indicates  that  the  point  at 

adrenaline  acts  does  not  degenemte.^ 

»  secretions  do  not  present  such  marked  changes  uniler  adrenaline, 
1  tbey  are  al^  genendly  increasj^'d  when  they  iuv  controlli'il  by 
tupatbetic  nerves.  This  nmy  be  due  to  the  fact  lluit  the  I>1(hk1- 
'  is  HimnltaneouHly  reduced  by  the  vaso-eonstriction.  The  saliva 
adrenaline  corresponds  in  charaeti'r  with  that  &eereted  on  stitiui- 

of  the  cervical  sympathetic  trunk,  not  with  that  fmm  chonliv 
ni  stimulation.     Less  urine  than  normal  is  secreted,  or  c(>rn[>!ete 

may  occur, 

t  action  (tf  adrenaline  inj^'cted  intravenously  is  of  very  short 
ju,  imd  it  seems  pr«»L>able  that  it  is  mpidly  destn^yal  in  the 
Elliott  states  that  it  disappears  mnre  rapidly  in  thone  organ* 
ich  it  actrt  than  in  iiiilifferunt  ones,  such  as  the  huij^s.  It  seems 
>le  that  it  underjr'>es  oxidation  rapidly.  Tlie  short  duration  of 
lent  has  also  l>een  exfdaintMl  by  the  nerve-termination?*  nipidly 
ing  tolcrunee  for  it,  i)ut  thid  has  nut  received  adequate  experi- 
I  support. 

'eualine  applied  locally  induces  Huch  vasiHConstHction  that  it  is 
lowly  abs^jHxtl ;  and  it,  tln.-reiore,  has  «mly  local  effects  when  it  i* 
by  the  mouth.  Injected  liypodermieally  it  caUHcs  loc:d  isduemia, 
i>  furtlier  effects  except  in  enttrmons  di>st=s.  In  particular  the 
pressure  Is  seldom  increased  by  this  method  of  administration  ; 
d  intramnsfularly  it  seems  to  have  nither  nmre  geneml  effwt, 
Imals  are  [Hnsoued  by  large  aiuounts  injected  hyfWKlermieidly,  and 
cal  term,  "  royoueural  juouliou,"  hm  been  coined  to  express  this  point.  (Elliott). 
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even  smaller  qiinntitios  induce  glycosuria  and  inflaniDiatory  changn 
in  the  liver  and  kidneys.  Larger  quantities  cause  prostrution,  collipw, 
and  jiaralysis  of  the  central  nervous  system,  ending  in  iailuiv  uf  ibe 
res|iirjition  and  (ndenia  oi' the  Uin^.  Similar  symptoniH  anK-  frxjmthe 
intraveiinit^  iujtetinn  of  very  iiirgi-  (jnantitie$,  but  here  the  effect-*  «if ik 
vcr)*  hi^U  l)Ir>iHl-pressttre  ai'eal.so  in  evidence  in  numerous  liienmrrlirip!*. 

The  intravenous  iujectiuu  of  u<ln'naline  in  the  rabbit  often  liuil* 
to  atheromatous  dcgeneratiim  of  the  aorta,  apparently  fnmi  thr 
strain  oauseil  by  the  hi^h  arterial  pressure;  it  doe^  not  occur  in  oIIkt 
animal-. 

Preparations. — Extracts  were  at  first  made  fW^m  the  fresh  glaud»,bot 
Boon  the  dried  glands  were  intrcxltioed — f//an<iuftr  suprarettalfx  aetit 
(U.  S,  P.),  the  dried  glands  of  the  f-lieep  (»r  ox — and  a  watery  ^yhl'm 
made  fnini  tlii.-*e  may  be  used.  The  active  prineiple  has  l>een  |iut  no 
the  miirket  noder  tiie  nani<^  of  APiiKNAUNK^  an*l  tills  has  nltinel 
cntii-ely  ^uppliinUnl  the  cruder  prejwirations.  It  is  generally  antl  in 
1  f>er  mille  solution,  but  often  in  one-tenth  or  even  one-Hftieth  of  tha 
Ktft'n^:th.  This  solution  may  be  disinfected  by  btnling,  and  d(K^  not 
iiu luce  any  geiirml  symptoms  unless  when  injei-ted  intnivcnoiisly  andrajt- 
idly.  A  syntlietir-  substance,  ttufrnirniv!}n'j  lias  Ix^'O  prepared  reepiitlvi 
but  ap]>ejii's  to  p<issess  somewhat  less  strength  than  adrenaline. 

Therapeutic  tfses. — Disease  of  the  suprarenal  g]and  leads  to  a  «ri« 
of  svmptotns  known  as  Addison's  disease,  and  it  has  been  snp|)n«d 
that  the  extract  of  the  gland  might  counteract  this  condition  In' sti im- 
plying the  sulistanei?  wiio-ie  deliciency  induct^l  tlic  symptoms.  -Vs* 
mutter  of  fact,  however,  but  little  success  hits  attended  it**  use  for  tbls 
purpose,  and  the  failure  may  jK-rhaps  be  due  to  the  method  of  applica- 
tion, for  it  lias  been  shown  re|»entedly  that  the  characteristic  etfecUuf 
epiriephniie  cannot  be  elicited  by  its  administration  by  theraoulhur 
subeutaneously.  It  is  possible  that  the  extraet  might  prove  bendii-'iil 
if  it  could  be  brought  into  the  blood  directly  but  this  is  quite  impos- 
sible in  a  ehrouic  condition  such  as  Addison's  disease.  Its  general  action 
on  the  circuhition  niiglit  be  taken  advantiige  of  in  such  emerj!:encie?  as 
heart  failure  under  umestbesia  or  in  shock,  and  in  fact  Gottlidi  bns 
shiiwn  tiiat  In  animals  juiisoued  with  chloral  or  chloroform  uaiil  lli« 
pulse  has  almost  completely  ceased,  the  circulation  may  be  rc<tore<i 
imnie<liat4;ly  by  suprarenal  extract.  In  order  to  elicit  this  action,  tb* 
drug  would  have  to  be  injected  intravenously  and  little  danger  is  to 
be  apprehended  from  small  <Ioses  if  one  can  judge  from  the  resulbiii 
animals  ;  no  sucli  treatment  has  yet  been  adopted  in  man. 

The  great  use  of  suprarenal  preparations  is  however  due  to  its  W 
effects  on  the  vessela.  No  other  body  is  known  which  induces  such  ron- 
plete  *?ontraetion  of  the  vessels  in  any  part  to  whieli  it  is  applied,  ftiw 
in  addition  suprarenal  extract  has  only  local  effcH'ts,  unless  injectw 
into  the  bloud.  Complete  bloodlcssness  of  a  part  may  thus  be  elicited 
without  alteration  of  the  general  btood-pressure,  and  in  fact  witW 
any  appreciable  effect  upon  other  parts  of  the  body.  This  local 
ischseraia  has  beeu   largely  employed  to  allow  of  bloodless  operation! 
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ftlw  eve  aiiil  to  nemnvo  conjre.slion  from  tlie  conjunctiva  from  viirious 
ft  U  ortcii  aiiniini.^U'i-tNi  with  cocaine  in  iijK^rations  on  xhv  <?ye 
m  10,OCW)  M^hiiioii  of  adroQalini^).  In  congestion  of  t!ic  misal 
tiij"  nicmbraue  ami  in  of>crutiou^  on  tlic  uosc  it  Is  also  used  exlen- 
Ir  'jml  with  much  sueoi:ss ;  the  1  per  mille  sohitiou  tnuy  be 
IVfd  into  the  noHC,  or  cottou  soaked  iu  it  may  l>e  packed  into  the 
rity.  lu  ejiibtuxi^  and  in  ojK'rations  ou  the  nose,  the  hwinorrlin^* 
almost  c»tn)|>letely  and  the  contraction  of  the  muc<tn^  rnenihiiuic 
lits  of  a  dearer  view  4)f  thf  fieUl  of  o(>eratinn.  Hay  fever  is 
relieved  by  i-imilar  treatment  with  suprarenal  prepanilionK  A 
Itkni  i»f  adrenaline  luus  been  found  useful  in  ha-inorrhage  fixtni  the 
Ttr,  mouth  and  throat,  and  iu  coutrolling  hiemon'hage  in  operations  in 
^I'nii  surgiT}-. 

Gninbaum  iirst  suggested  its  administration  by  the  mouth  in  gastric 

iueniorrhagVy  in  which  the  action  is  oMilincd  to  the  mucous  nienibrune 

of  tile  stomach.     Similarly  it  may  be  injectetl  into  the  rectum,  bladder 

lod  uterus  iu  cotige^tion  or  luemorrliujire  from  the^e  organs^  and  Schufer 

Rwmnieud.s  it  isjiecially  iu  ]H»£«t-partutn   hiemorrliagi',  in  which  it  actt^ 

not  only  on    the   uterine  vessels   but   also  on  the  muscular  walls,  and 

Amsbi  the  bleeding  by  causing  a  tonic  contraction.     In  all  of  th<'se 

due^   the  suprarenal   preiKiration    has   to  be  applietl   directly   to  the 

binding  organ  ;   and    no   eflects   will    follow   from   its  being  carri<d  t*> 

them   by  the   circulation.     The   local   eijutracliou  of  the  ve^isels  last* 

very  much  longer  than  tliat  induced  by  intravenous  injection,  for  even 

dilute   solutions   imluce   ischiemia   lasting   from    thirty   minutes  to  two 

lourb,  acct»rtling  to   the  rapidity  with   which  the  extract  is  absorbed. 

eeli*  of  some  orj^ans  <Io  n<tt  coiitra<*l  under  adrenaline,  and  no 

is   to    be  cxj>ected  from  its  application  in  lucmorrhagc  from 

;  spraying  adrenaline  into  the  lungs  in  ease  of  hsemoptysis,  for 

iple,  is  quite  useless,  and  simikirly  !ia»morrbage  in  operation!*  on 

brain  cannot  l)i»  controlletl  by  it. 

Tlie  constriction   of  the  vessels   in   a   part   to  which  adrenaline  is 

applii-tl  pctanis  llie  absorption  of  poisons  injected  with  the  adrenaline, 

ftiid  at  the  same  time  permits  of  their  exercising  a  more  marked  local 

This  fact  has  been  utilized  in  surgen*  to  prevent  the  absoqw 

cif  o.>caine  and  intensify  its   hmd   action,  and  the  method  Ims  Ikvii 

with  most  enenumging  i-esults.     A   few  droj>s  of  the   1   per 

solution  are  added  to  the  Schleich\s  solution   of  cwaine,  and 

loehixigof  the  tissues  results  ;  instead  of  cxniine,  any  of  it6  substituted 

be  Uacd. 
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^."IZRITES. 

^?.ug  the  inorganic  salts,    '-^  ^ 
;sc  it  is  convenient  to  pl^  ^^^ 

^_ft  more  carefully  are  the  -^' ,  ^ 


,-• 


>* 


the  methane  series,  t^pecia 
^    e*\J  in  therapeutics.     In  thc-C 
^^3L->'d  to  the  nu'tal  or  alkvl  tli' 
_,  ..nngK— O— NO,  CII3— O-^;^ 
-^N*.*,  etc.,  and  the  cliief  constitut'iit  r-"^^  ^ 
j*ing  of  loss  inijmrtanrc.     A  cl(7-'^^  ^ 
■   "^  '     at  litratcs,  in  which  the  nitrogen  has  *^  g<- 
^    "^^  ijtJn  to  the  metal  or  radicle  l>y  oxvgf*^  ^^ 
^^  --*^ytVC,H„— O— N02,etc.    Themkdi/ 
^^4,   *^  j,^  a^  nitrites  in  their  effwts  and  will  bedi**^ 
.^-^•^ -^iBi»fganic  salts.    Some  of  the  A'/7/vV  EtUr'^i 


'.-«:**■ 


when  brought  into  contact  with  organic 

jin^  formed,  so  tiiat  these  bodies  have  effects 

and  have  to  be  discussed 

«w  Hsr  fciiw""  "»  »"v;u  nitrates  is  the  so-eallcd 

jp lily  the  trinitrate  of  glycerin,  (CH^(ONO> 


imn 
dru 
be 
an' 

ef 

P 

11 

■ 
1 


,  ^.  "'^     rf  jbe  true  nitrites,  ai 
'^^^r  fr  **^  }tfst  known  of  such 

"^j^^^.^^jJ-Tu  jnd  is  l>rokcn  up  by  alkalies  into  a  mixture 

^Aflljf^  t^   The  nitrates  have  practically  no  action  in  the 

j^gHfi^^^m.^  that  almost  all  the  effects  of  nitroglycerin 

^^^tf^S^hnos:^-^     Many  other  orgjuiic  nitrates  also  ibrni 

'^j** (^ fS^ but  none  of  them  with  such  rapiditv  as  nitro- 

'P.'"  Mtt'"^  ^**  some  extent  in  the  last  few  years  are  solids 

1**?  -»-  tfd   Mannitol  Hexanitrate.      They  act   much  more 
time  than  nitroglyuorin. 

,'hioh  niuy  be  menti()tie<l  as  occasionally  acting 
giore  feebly,  ure  the  nitru-lH)dies.     In  ihese  the  nitru- 

i^TpTMBed  of  late  ycara  as  to  whether  this  reduction  to  nitrite 

^■•Jgitfi  wd  80"'c  grounds  exist  for  the  belief  that  nitroglycerin  acts 


dSfisi!S^\ 


.       ->   ..'-TOV/  AFTER  ABSORPTION. 

...  .-*    :■•«•   aFe».'t«l  than  tliose  of  the  esc: 
--W1J  :au£ht  be  produced  either  by  c 
- 1  .r-.   »r  b_v  depression  of  the  nervtt' 
-  „u  ;j  a  matter  of  fact  each  of  tiiescr? 
•  i-r!^.   tilt  the  latter  is  now  ahnost  ta 
-T.     "Ttimulation  of  a  constrictor  ner 
-.  :i.***s  **jrae  rise  in  the  blood-pressu 
..  .    .^  -r!u  :o  bc  intact,  and  the  seat  of  acti- 
■  ^  ^  'hi  the  unstriated  muscle  of  the  a. 
_      1-     x;)ianation  has  been  offered  for  t\\ 
-    7^-tuj  of  the  head  and  neck  should 
-  -     .     •  uiiicate  that  tliese  vessels  occupy  an 
,..    -    ::«r«r  innervation  and  their   reaction  * 
^*  'i  T)oint  out  that  the  blush  of  amyl  rm 
.■:i  tiif  blush  produced  by  emotion. 
-    ->   .   ne  tongue  are  said  to  dilate  more  than 
-  *»'0  ifter  the  application  of  arayl  nitrite. 
■^    i-  Tten  said  to  be  depressed   by  amyl 
-^ :     V  rnie,  though  this  central  action  must 
.Jini-Mi  with  that  on  the  arterial  walls,  an< 
..    ..-^^vt^i  -even  by  the  most  careful  and  ingenious 
^ . .  ^-  •  I.      The  direct  action  on  the  vessel  walls  m 
«*- It:  b»Lood  into  the  artery  of  the  amputated  e 
....-»-    .^**  !i«isuring  the  amount  coming  from  the  vei 
^^       J':   iicrtte  be  added  to  the  perfused  blood,  the 
.„    ^  ^wvac>  increased,  although  here  no  nervous  m 

-^    v^r'tcitioQ  of  the  pulse  is  more  marked  in  man 
^,    ,    -rfci-  jainiaLs,  and  seems  due  to  a  depression  of  t 
^,.^    :   :n  ai«xUilla  oblongata,  tliough  several  authors  c» 
^^><:.    arivc  ai'tion  on  the  heart  is  also  present.    T~ 
^^^j^^    I  -t,^   heart  are  diluted  along  with  those  of  o 

4**  ;.tsiatiiies  of  amyl  nitrite  slow  and  weaken  the 
•x    h.^"t,  owing  to  a  direct  depressing  action  on  the 
fv.  .i*'  heart  is  usually  slowed  from  the  beginning 

'^  Ui^anktion  is  generally  accelerated,  and  at  the  sa 
A.ixi  iiAtvr  by  amyl  nitrite.     Not  infrequently  the  brea 
t:^*  /*"*^  '^*  *^  reflex  from  the  nasal  mucous  membran<^=^^ 
-    s.*  ^5ArJi«**^  ^^  "^  ^^*^  inhalation  of  more  irritant  vci'f- 
^t.v*'*.-vrtw  or  ether,     The  acceleration  seems  due  to  a  di  »-"^'*'" 
'     ^^«:niior\-  centre  in  the  medulla.     After  long  inhalf*- 
*  ^'>xi  Nwnu's  filower  and  shallower  from  depression 
'_;';.,  jinmwl:*  death  occurs  fnim  its  complete  i>aralysis. 

'  of  iho  svsieniic  arterioles  ]>ermits  tiie  accumulation  o^ 
wwv^s^  jiide'of  the  circulation,  and  tliis.in  turn  leads  to  tl*-  ^ 


i 
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organs  aijd  the  head  are  more  aifected  than  those  ■ 
Tliis  widening  of  tlie  vessels  might  be  produced  r* 
of  the  vaso-constrictor  centre,  or  by  depression  * 
nmsclo  of  the  arterioles  and  as  a  matter  of  fact 
tions  has  had  its  8U])port€r8,  but  the  latter  i- 
liehl  to  be  the  correct  one.     Stimulation  of  :•  ,      .. 

the  splanchnic  still  produces  some  rise  in  *  -■-iii  i  i   *    *■ 

the  nerve  terminations  seem  to  be  intact, '  ■  n  k'cli  <  •■  *■    "* 

nitrite  is  therefore  held  to  be  the  unstri  ■  .mIdi-  is  due  -^ 

veins.     Xo  satisfactory  explanation  hi*  ii- ihunirincr  tJ»  ^* 

in  the  skin  only  the  vessels  of  the  1m  X^n  coniiK>Li  mm^ 

but  other  facts  seem  to  indicate  that  *         .\^,^^^  j^^  oxvhiem*'  ^JB^' 
position  as  regards  their  innerva  (.j^j^ig  g^^,;  ;„  ^h^?     J 

Darwin  was  the  first  to  point  o...  ^  ^.„,,^ii  ^j,^  destrue^^/^ 

spends  in  extent  with  the  bl.:..  .ntually  reduced  br   ^^i 

frog  the  artenoles  of  the  tong...  .  ^^^^  ^j^^^^j^,  ^1,^^  tU^^^ 

mesentery  and  the  web  after  ,  \^-^,  little'of  the  Ut^'^ 

constrictor  centre  is  often  -::iii:e  quantities  have  l>e€i-'^    ^ 

this  may  possibly  be  tnio  -^  .  i,  noticeable,  but  it  hii^    /' 

significant  compared  w.  \.^,,n  of  the  hiemogloinn  \^  tl'j 

been  demonstratetl  ey  "^^  ^^  ^^^  y^^^^  becoming  inc^/'^'': 

!uJ?!."T°!!'^'""'-  1 1  '"^^  '  I»'»  however,  asphyxia  be  IH'C^  * 

er  pressure,  the  tissues  thems*^^  ^ 

,;ion  of  mcthffimoglol)in  does  nc*' 

of  the  nitrites  on  the  vessel  w*^ 

,  ■ ,  -•       ,^rf-«i'a  into  the  blooil,  amvl  nitrite  seP 

be  concern  I'd.  .^  •'^'  ....-*,.„  .,f*K,.  „ii.„i;'      Tk.,^^iin//* 


^ 


shown  by  passing  h'  -  ^^^^^     ^,^^  ^.^^^^^  themi^t'i^^ 

an  animal,  and  me:       .  f^,.^,;^  of  metha>moglobin  does  nc^^,  j 

drops  of  amyl  u.t  -  •  ■        .  >  ^^  ^y^^  ^^j^^j^^^  ^^^  ^^^^  ^.^,^i  ,,„7 

the  vein  is  gr.a.  -      _. ,  *  _^^^  .^^^  ^[^^  j^j^^^^  ^^^j^^.j  ^n^te  seP'? 

.  .  ,^  ,t  nitrites  of  the  alkalies.     These  un^-    ^ 

Ihe  ac('     1.^        .,  **_jn  the  urine  in  the  form  of  nilnitc^    ' 

than  in  ot!  ■  ,        ^^,,  -^^rTai^  excreted  is  never  equal  to  the  ni^'i 

*^"*'^  "'  '        ^    .   *  '**^:«i*able  that  some  part  underg(.>es  still  i 

a  leebl<  -^  ^  -^  -    ^^  ,-hh?  of  the  normal  excretions.     The  art 

f™"^''"        "  j-f --^  "^IjtfihV  oxidized  completelv,  although  some  lU 
the  iH '  j»  >  ^**"^- 

■f  ■^■fc  -*^ 

^    ."'  4^  -  *  ^**T*'rfi  ^^^  *'**''  stomach  is  very  much  less  active  th 

*l  ]  ',ip^  •  *";^iitnHis  acid  is  freed  by  the  gastric  juice  and  ii 

*"*'  „^k>  *^    When  injected  subcutaneously  it  acts  nui 

t  ^'"^^Zy  ihan  when  absorbed  by  the  lungs,  and  g< 

,  ^^ -**•' ^**  J,  ^iwsuria  and  slight  diuresis.     Xo  satisfact< 

V  ^r  .j**^  T^  ^t  has  been  given,  but  it   is  possible  that  i 

^^■^  *  _^^MMi^]ohin   may  cause   partial  asphyxiation  of 


cat 


*  ^^~    -the  formation  of  excess  of  lactic  acid  and  g 
amvl  nitrite,  with  which   most  of  the  exp< 


^  ?^ri-^*ff>miwl  on  which  tlie  above  descrij)tion  is  bai? 

^^  i^  •*'j^j(t»j  but  consists  of  the  nitritt»s  of  two  differ 

i^»  f^  !|j^  j-amvl  —  along  with  isobutyl,  ethyl,  and  pro 

■pnk^- *•**■   1^  rtf  the  pure  nitrites  have  been  examined  by  d 

^"""JT^jJihI  that  in  general  features  they  resemble  e; 


THE  NITRITBS.  4^9 

Mstable  the    compound,  tJie  more  rapidly 

"ciir,  while  the  less  easily  decomposed 

their  action,  but  cause  depression 

*r  time.     The  acceleration  of 

''^d  in  the  frog's  muscle  de- 

*f' the  nitrite  compound, 

'l-prcssure. 

^'  i-v  similarly  to  those  of 

i' ■Wilful  action  on  muscular 

.  i'tr  the  muscles  are  paralyzed 

i"\  1  nitrate  the  reverse  is  the  case. 

■i;'<*h,  and  therefore  act  more  slowly 

'■'"'  l:i>t  nuich  longer.     The  gastric  juice 

■  :'*"';.'  '>'"h>ro  absorption  can  occur,  and  it  is 

'  -'i"'  "Hen  causes  some  eructation.     The  nitric 

i,i:.y  i»l-;'»  give  rise  to  irritation  of  the  gastro-in- 

ihe  nitrite  absorbed  is  excreted  as  nitrate 

^''lo.  49. 


XXhrm. 


pj^rtin  to  Illu-'f*  f .  ?lJi!f„iY,  «  ^  duration  of  the  action  of  the  nieraberf.  nf  the  nitrite  series. 
liVxreLt  I'f  the  ."Jj,''  "  ..li'T^Ji,®   ^.^"^'Ofurwl  aluog  tlie  vertlcul.  the  dtiraiiou  ftloiig  tin-  horixoutal 

Tbe  male"'  re«Iiifli'>n  '"^Jl"  ;,|\. /i  '  ""t  H  pulsus  orf  for  the  most  pari  hi  5  miuutcs  anil  ciitirvly  in  20. 
Vilpiiflvrt'rio  »«--t^'"*!!X.^  tl-trkn  trn.  "*'  ^^^^  '*'>-  «'"I  >'»  '-■n'^-"'^  i-onliuiii'  almost  a.-  long  as  tliose  .,f 
jXiVniiriie.  ^'^.J^^JJiiRv *  "  ""'?  «*«''*  *'»  f""  cllecl  after  thi;  action  of  the  other*  ban 
M4inluir    (Alter 

in  ihe  nr»"^»  although  some  of  it  may  remain  unoxidize<l.  The  metal- 
lic nitrites  <io  not  as  a  rule  cause  so  much  headat^he  and  flushing  of 
the  face  and  neck  as  the  alkyl  comiwunds. 

Kitroglyc®'^  P''*^*"**^*i3  the  same  cfTects  as  tlie  other  mcmlx^rs  of 

th'a  series',  h'**  ^^^^  'W'Jch  more  iwwerfully  than  either  the  metallic  or 

It '1  nitrites-     It.  presents  some  minor  j>oints  of  dirtortmce,  as  in  pro- 

,  '.      (»(,nvuUi<'"'f  in  the  frog  and  in  some  mammals  when  given  in 

'  Urirt?  qii*"t^*^'*^»  ^^^  in  causing  more  seveix^  headache  in  man.     It 

■    '  t  deon^P**^     ^^  the  stomach,  but  on  reaching  an  alkaline  fluid, 

*^   ,         jho  |>lo(>dj  at  once  breaks  up  into  glycerin,  nitrites  and  nitnrtes, 

f"  J    "!,r«>pf>^tion  of  two  |>arts  of  the  former  salt  to  one  of  the  latter. 

^^       .tion   commences  very  soon  after  its  adnjiiiistration,  and   hists 

.   linffcr  than  thatof  amyl  nitrite.     The  explanation  of  its  greater 

"*"5 -J  .  niav  be  that  it  is  absorbed  unchanged,  but  is  then  broken 

«cti^'    nee   while  the  metallic  nitrites  are  decomposed  in  the  stomach 

"P  **  ^^^  of  the  nitrous  acid  is  lost. 

•odni  ^^^yp^gions  are  probably  due  to  the  whole  molecule  of  nitro- 
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:0N, 


as  has  been  already  stated.  The  iktvc 
affected  even  by  very  large  quantities,  s 
of  the  muscles  can  be  elicited  by  <liri'iM 
stiraulatiun  of  the  motor  nerve,  and  the  ' 
can  transniit  impulses  as  long  as  thi- 
Temperatore  is  somewhat  lowered  In-  << 
dilatation  of  the  skin  vessel:«,  but  this   ' 

Amyl  nitrite  causes  the  Blood  T" 
both  in  the  body  and  in  the  test-n  ' 
compound  formed  by  the  nit  rid 
bin  to  methsemoglobin  and  nitrie 
the  oxygen  is  attached  much  m 
which  differ  from  it  in  tli<.'  :•' 
This  change  in  the  hiemo^lo'  - 
red  corpuscles,  and  the  coui|t' 

although  the  reduction  ph 

nary  oxybsemoglobin.      - 
is  thus  transformeti,  mi< 
no  abnormal  colornii*-.. 
monstrated  recently  i 
of  death  in  some  mx 
carrying  oxygcu  t 
by  the  inbalatioi* 


tr!'  slowlj 

t!    ■  ...aly  brol 

-I ill  J  the  urin 

>  -^ftratioD  in 

and  not  to  \ 

c  extremely  ] 

-f.  but  it  has  Ix 

rdt  to  produce  tl 

_-  J  animals. 

-w  been  found  to  r 

^■4i  oi  methsemc^lobin, 

,«:ythan  that  of  nitr 

serapeutics.     Erythn 

..re  slowly,  and  the  fal 

A£?r  than  under  any  oth 


eventually  aer-i' 
to  bear  any  vr\. 

Excretion, 
break  up  ^v- 
partial 


.    .n:>(L'.  S.  P.),  a  yellow,  v 

,,j«  jt  alcohol  and  ether,  but  nii- 

.  ^--i  n  a  handkerchief  and  inhaU 

-^«  "pearU,"  which  are  thin  gli: 

",",,««*.  ind  one  of  which  ia  broken  i 

^^  ^iTJx  is  liable  to  deeonip<Mie  when 

-^    ^,  T«e«lT  preiMired. 

*■     «*-T>  r.  S,  P.),  Liquor  Trixithin 

'^~J^  »  ixCTC^Iycerin.     0.03-0.2  c.c.  {\-A 

^  " ,  t€  nitroglycerin  tabletH,  arc  forme= 

**  ^.  A  linvglycerin.      1-2  tiibletw.     Nitre 

^^^  a.  ablets  than  in  the  alcoholic  soluti- 

«cap«utics ;  even  the  alcoholic  hoIu~ 


,  a  rolution  in  alcohol  and  glyceri 
•       ^v^?  A  limpid  liquid  of  apple-like  odor 

^*  «  f-V(XaXO,),  0.05-0.1  G.  (1-2  gre.). 
-  -c^'ntion. 

^  ^  *-!.  (U.  S.  p.,  B.  P.),  sweet  spirits  of 
^tttfi  along  with  ether  and  aldehyde  i: 
^giep^red  it  act«  like  the  other  nitrites. 
Bier,  as  is  usually  the  case,   the  nitri 
4ik^t  except  from  the  ether  and  alcohol. 


H,ON'0,{CHONO,)jCH,OXO,)   is  a  soli 

0  05  G.  (1  gr.),  iri  pills,  tablets  or  alcol 

it  is  a  dangerous  explosive,  and  one  fi 

it  into  pharmaceutical  preparations. 

The  nitrites  were  introduced  into  th< 
^1^  sJvised   their  use   in   angina   pectoris   t 
They  are  certainly  the  most  powerfi 
ure  known,  and  may  be  used  in  all  ca 
lly  higli.     For  rapid  transient  effects 
00tj  indicated,  while  nitroglycerin  and  nitr 
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glycerin,  whicli  may  perhai)s    l>c  decomposed   more  si 
animals  than  in  tttliers.     Nitroglycerin   is  not  wbolly 
the  human  body,  however,  for  it  has  been  found  in  tl 
headacrhe  which  so  frequently  follows  its  administr 
been  a.scril>ed  to  the  undecom posed  molecule,  anf^ 
constituent.     It   is   generally  supposed  to   be  ' 
and  is  prescribed  in  exceedingly  minute  doses,  I 
that  while!  very  small  quantities  are  sufficient 
eft'ects  in  man,  the  toxic  dose  is  enormous  in  : 

Several  other  organic  nitrates  have  also 
l>lood-pres.sure,  and  to  cause  the  formation  * 
decomj)osition  proceeds  much  more  slowl; 
and  they  have  not  been  much  used  in  tli 
trate  and  mannitol  hexanitrate  act  moi 
sure  is  more  gradual,  and  lasts  long* 
series. 

PREPAi; 

Amyl  Xituis  ([5.  p.),  Amylis  Xi 

fiuiil,  with  A  strong,  fruity  odor,  8olu)>' 
IH)si'd  by  water.      2-5  dn»pa  are  pom 
v<Miicnt  prcpanitiou  i«  the  amyl  uii- 
eaeii  luntuiiiiiig  a  dooe  of  the  reu' 
kerrhicf  when  necessary.     Amyl 
and  ought  to  be  uflcd  only  when 

Sfiritus  Ctlycerylis  Xni: 
a  1  per  (.'cnt.  alcoholic  isolutio- 

Taijell^eTrinitrini   {I- 
latCf  and  contain  each  j,\„  -. 
much  mure  liable  to  det^oit 
lattor  ought  to  be  prefen- 
not  be  kept  too  long. 

Liquor  Ethyl  Nitrif' 
nitrite  (2^-3  per  ecu; 
SO-60  mius. 

Sodii  Nitria  (V.  *■' 
prescribed  in  tabl-  -    ' 

SPIBITim  ^1::ti. 
tiiins  only  trati  -  ~       ^.^ 


u; 


--.  ji.  -20. 
..  -Jit'. 

;.  -JIIJ ;  ixxvi.,  pp.  30,  138. 

;XC.    ERGOT. 

-  <  '::viceps  purpura)  which  gr^  «.   ^^^ 

.^Tsi'iially  on   other  kinds  of 
>   ;"  jrcat  im])ortance  in  thei 
^    i  iTKid  and  m«il  containinj^ 
c-ntl  q»idemics.      In  these  thc> 
■i  :in»  limbs  or  in  eonvulsiv 


~  -a 


solution.     "\V!i' 

~"'"^ 

prescribed   iil' 

^ 

rapidly,  and 

(20-90  mih- 

.-"M 

Konoffio. 

't 

Erythr- 

.•>■ 

recomni- 

'  ■  "* 

lion.     ' 

■«. 

alread 

^,, 

' 

>   ■*■<. ' 

Tl 

bv               .,    ^ 

_.      5^.ax« 

-^-.'■^ 

»F 

j^i  '**'' 

Sil- 

tl'      r^"  - 

*...   ti>  Ut'n  the  subject  of  a  lar^ 
c  lavv  Uvn  attendetl  with  little 

..iiMi-m  of  the  chief  active  prL -^^ 
IX  -TCi-nt  work  of  Bargcr,  Dale, 
.^i  :wo  alkaloids  in  the  fungu.«-  

vittg  tl»e  hydrate  of  the  oth«:— "^r^ 
tff^'toxine  ha.^  a  very  ptwerful 
>  ap|wrently  almost  inert.      "1""* 


,  'MuiK'd  in  tilt'  introdut*tlon  of  fiome  suppos- 
IwdiivtiUy  pure  iind  the  nanie>  have  r^ 
io<  luiiuiN  an."  ffboliiio,  erKoline,  pia 
ct.'tftnitine,  chrysoloxinc,   aecalintoxLm'^  ^t^   —  ^ . 
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TYY     TH£  NITRITES. 

The  oitrites  would  naturally  fall  among  the  inorganic  salts,  but  Hxf 
act  chicHy  u(K>n  the  circulation,  so  that  it  is  convenient  to  place  tbtm 
near  the  tligituli.'t  sericH. 

Those  which  have  been  examined  more  carefully  are  the  Xitriif  (^' 
Sotlium,  and  the  Xiirous  EtJienf  of  the  methane  series,  esj>ociallv  ilie 
Nitrite  oj  Amyly  which  is  largely  used  in  thcraiH'Utics.  In  these  ci>ni- 
poundd  the  radicle — NO  i^  attached  to  tiie  metal  or  alkyl  thnuipli 
an  atom  of  oxygen,  the  iitrnnihc  l>eing  K — <) — NO,  C'H^- — O  —  ^0, 
C3II,  —  O — NO,  C^H„ — O  —  NO,etc.,  and  the  chief  constituent  islbn 
O  —  NO,  the  metal  or  radicle  being  of  h-.-^n  im|K>rlaneo,  A  olosdy 
allied  series  of  bodies  are  the  nitrate*-,  in  which  the  nitrogen  has  five 
aHinitii>s  and  is  eonnectetl  again  to  the  metal  or  radicle  bv  o.\vgtii. 
K  — O  —  NO^,  CH3— O— NO^  C,H„— O— NO,,  etc.  The  raotallic 
nitrates  differ  entirely  from  the  nitrites  in  their  effects  and  will  bedi^ 
cussed  aloug  with  the  other  inorganic  salts.  Some  of  the  Xitric  iJlhm, 
however,  undergo  a  reduction  when  brou^lit  into  contact  with  orgaino 
matter,  aiul  nitrites  are  thus  formed,  h>  that  tlu'W*  b«Hlies  have  effects 
very  similar  fo  those  of  the  true  nitrites,  and  liavc  to  be  disciisM;*^ 
along  with  them.  The  best  known  of  such  nitrates  is  the  so-oallnl 
NiffOf/fifca-in,  which  is  really  the  trinitrate  of  glycerin,  (CH.(ONO.h 
CH(ONO„)C'H..(ONO,)),  and  is  broken  np  by  alkalies  into  a  roixuiw 
of  nitrates  and  nitrites.  The  nitrates  have  pnietieally  no  action  in  lU 
small  cjuanlitics  given,  so  that  almost  all  the  effect?i  of  nitroglycerin 
are  due  to  the  nitrite  formed.'  Many  other  org;inie  nitrates  also  fonii 
nitrites  in  tht?  tissues,  but  none  of  them  with  such  rapidity  as  oitro' 
glycerin. 

Two  which  have  been  used  to  some  extent  in  the  last  few  years  are  nlidi 
— Krythrol  Tetranitrtite  and  Mannitol  HcxanitnUe.  They  acl  much  man 
slowly  uiiil  for  a  longer  lime  than  nili-ojilyccrin. 

Aiuftlier  serit's  of  boilios  whirli  may  1m-  mentioned  as  occasionally  acting 
like  nitrites,  alth<mgh  more  feebly,  are  the  nitro-bodies.     In  Lhe^c  the  aitro* 

'  Some  doubt  bns  been  expivwcd  of  Iflte  voftra  ub  lo  whether  this  rednetion  to  nitrite 
really  occui^  tn  c  he  (ia^ueii,  and  «ome  gfrounds  exist  for  the  belief  that  nitnwWcerio  tctt 
aasuch  (Marshall). 
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?hed  to  the  alkyl  directly,  and  not  througli  the  intervention  of  an 

«n.     Examples  of  these  are  Nitromethane,  HC — NO,,  and  Nitro- 
H  H 

|,CH,— C — NO,,     Their  action  is  so  feeble  as  to  preclude  their  use  in 
il 
tics*,  and  seems  due  to  the  — NO,  being  split  off  in  the  tissues  and 
\to  nitritcfe  in  very  small  quantity. 

jt  known  mcrabcr  of  the  jjrotip  is  Axnyl  Nitrite,  and  its  action 
it  be  described,  wliilo  tlio  ptiints  in  which  the  effects  of  the 
fral>ers  diverge  from  it  will  Ik-  disonssed  later. 
jpharacteristic  results  of  the  absorption  of  amyl  nitrite  are  dila- 
ifthe  ve8.sel8  and  tlie  fnrmati()n  of  inetliiemoglobin. 
Items.  —  After  the  inhalntioii  of  a  few  drops  of  amy]  nitrite,  the 
ponies  flii?*hed,  and  tlie  putipnt  eomphiins  of  a  feeling  of  fulness 
ohbing  ill  the  bead.     Some  headache  and  confusion  is  oflen  pre- 

Fio.  47. 


Uw  blood -pTMSD re  lu  tbr  rabbit  uadvr  ainyl  nitrite.  From  .1  to  B.  tlie  blocMl-pressure  In 
At  /'  (he  Inbolollou  was  t>epin  niid  the  rlltlurlmitceof  the  rt^pinilioii  in  reflvctuJ  iu  tlte 
ira  inoinK  Irnme<liBlpl}-  aricrfrnrds  the  bkNid-nrvwurpltrgiiix  to  fall  And  coutiuucA  Ut  «lu 
r  th«  itiliBlatiuu  oeiMd  at  C.  "Style  thai  tb«  rtiytbni  and  streugtb  of  the  palne  arc  cutupiir- 
I  altered. 


e  pulse  is  arcelerated,  and  the  respirjitinn  is  somewhat  quicker 
|>er.  The  flush  la  often  cuntined  to  (hu  fiicuaiul  nJ-ck,  but  stnne- 
preads  over  the  wliole  trunk,  iind  inisscs  uH*  in  a  few  minutes, 
me  inhalation  is  continued.  If  kirge  *|iiautities  of  the  drug  lie 
1  at  once^  however,  or  if  the  inhalation  be  continued  for  some 
feeling  of  giddiness,  wenknr^a  and  eventually  stupor  follow, 
BC  becomes  slow,  whih'  the  iTS))ii';Uii>u  still  remains  nceelerated, 
nallower  and  often  somewhat  irrejj^ukvr;  convulsive  movements 
pur,  but  in  general  lar^e  quantities  tuny  be  taken  without  actual 
lin  the  human  subject.  The  blood  is  said  to  have  asaumed  a 
Morin  sonip  cases^  but  this  seems  to  l>e  rare. 

Circulation.  —  In  ex^xTJuients  on  anirnalsj  the  flushing  and 
n  of  the  arterioles  of  the  head  is  foinid  to  be  accampauied  and 
by  a  profound  fall  in  the  blouil-pressiire.  The  heart  isaccel- 
t  the  same  time,  and  seems  not  to  be  responsible  for  the  change, 
se,  as  has  been  re|K'atfdly  demonstrated,  is  tlip  dilatation  of 
phernl  vessels,  iwth  arterioles  and  veins  widciiinj^  very  coUvsid- 
ndcr  the  influence  of  the  drug;  the  vessels  of  the  abdominal 
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oi^DS  an<l  the  ]ie»<]  ure  more  aifeeteil  than  those  of  tlic  extremitui 
This  widening  of  the  vessels  miglit  be  produced  either  by  deprps&ioa 
of  the  vaso-cunstrirtor  centre,  or  by  depression  of  the  nerve  endsiuii! 
muscle  of  the  artorioien  and  us  a  mutter  of  fact  each  of  thc«e  explfloa- 
tiooM  has  had  iLs  supporters,  but  the  hitter  is  now  almost  univtriallr 
li<'hl  Uy  l>e  tlie  correct  one.  Stininhition  t»f  a  constrictor  ni-rve  .*uc}im 
the  splanchnic  still  j)r(Mluces  some  rise  in  the  bh>od-prc&5ure,  su  llwt 
the  nerve  terminations  seem  to  be  intact,  and  the  seat  of  action  of  amvl 
Jiitritc  is  therefore  held  to  he  the  luiHtriated  muscle  nf  the  arteries  and 
veii»H.  \o  jiiit  is  factory  exjilamition  has  been  offered  for  the  fact  ikl 
in  the  ykin  i)nly  the  vessels  uf  the  heail  and  neck  shouhl  In?  diUin), 
but  other  facts  seem  to  indicate  that  tliese  vessels  occupy  an  exceptional 
]K>sitioti  as  regards  their  innervation  and  their  reactions  to  drugs, 
Darwin  was  the  tirst  to  jioint  out  that  the  blush  i>f  amyl  nitrite  wrtt- 
spends  in  extent  with  the  bUish  produced  by  emotion.  Even  in  lb 
frog  the  arterioles  (if  the  tongue  are  said  to  dilate  more  than  those  of  ibe 
mesentery  and  the  web  after  the  application  of  amyl  nitrite,  ThevMfr 
constrict(jr  centre  is  often  said  to  be  depressed  by  amyl  niirilo, and 
this  may  possibly  be  true,  though  this  central  action  must  \yQ  qiiitt'in- 
signiticant  compared  with  that  on  the  arterial  walls,  and  has  dcvit 
been  ticmonst rated  even  by  the  most  careful  and  ingenious  metlKxiscf 
experimentation.  The  direct  action  on  the  vessel  walls  may  he  easily 
shown  by  passing  blood  into  the  artery  of  the  amputated  cxlreraitvof 
an  animal,  and  niejisuring  the  amount  coming  from  the  vein.  Ifafrw 
drops  of  amyl  nitrite  be  added  to  the  poHnsed  blood,  the  outflow  iV<ra 
the  vein  is  grently  increased,  although  here  no  nervous  mechanism  can 
be  concerntrd. 

The  ac<:eleratinn  of  the  pnlse  is  more  marked  in  man  and  tli«  d(ig 
than  in  other  arujualn,  and  seeuis  due  to  a  depression  of  the  iuhibiturr 
centre  in  the  medulla  oblongata,  though  several  authoi-s  rvnsidiT  that 
a  feeble,  direct  action  *m  the  heart  is  also  ])rcsenl.  The  coroiinrj? 
arteries  of  the  heart  arc  dilated  along  with  tlioee  of  other  pnrt^"*^ 
the  Ixnly. 

Lai^e  quantities  of  amyl  nitrite  slow  and  weaken  the  contractiftiK 
4if  tlie  heart,  owing  to  a  direct  deprL'ssing  action  on  tlip  muscle.  1" 
the  frog,  the  heart  is  usually  slowed  from  the  beginning  of  the  appl'' 
cjition. 

The  Respiration  is  generally  accelerated^  and  at  the  same  time  ren- 
dered doe|ver  by  amyl  nitrite.  Not  iurnMiuently  the  breath  i*  heM  ^ 
first,  owing  to  a  rellex  from  thi"  nasal  nnicous  membrane,  hut  tlii^  '^ 
not  so  marked  as  in  the  inludation  of  nutre  irritant  va]M>r¥,  suoli  as 
chloroform  or  ether,  The  acc^elenition  Bceras  due  to  a  direct  actioniw 
the  respiratory  centre  in  the  medulla.  After  long  inhalation  the  n** 
pirati<iu  becomes  slower  and  shallower  fntm  depression  of  the  aDire, 
anil  in  animals  death  oorurs  from  its  complete  pandy-*is.  The  dilaia- 
tion  of  the  systemic  arterioles  pennits  the  accnniniaiion  of  blotKl  od  ine 
Tenous  side  of  the  circulation,  and  this. in  turn  leads  to  the  ftmoimtof 
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ond  in  the  lun^  beinj;;  au^mentcil  ;  the  walls  of  the  piilmoii'ary  vea- 
tls  are  Hcarcftly  affeeted  hy  the  nitritc-j  directly. 

The  Kidneys  are  not  much  affected  by  this  series  ;  occasionally  a 
ight  increa.se  in  the  urine  is  ohiw^rved,  at  other  timt's  a  decreni*e,  and 

er  large  quantities  anuria  may  occur.     The  changes  arc  evidently 

e  to  the  changes  in  the  c^dibre  of  the  renal  vcphcIs.     A  stnall  quan- 
ly  may  widen  them  when  they  are  loo  contracted  to  allow  of  the 
imal  secretion,  while  on  the  other  liand,  if  the  normal  calibre  is 
optimal,  a  nitrite  may  lessen  the  secrt'tion  by  lowi'rin^  the  general 

ood-pressure.      When  large  quantities  lower  the  pressure,  they  in- 

itably  lead  to  a  lessened  actiWty  of  the  renal  epithelium,  which  may 

3Uit  in  complete  anuria. 

Small  quantities  of  amyl  nitrite  seem  to  have  do  action  whatsoever  on 

e  higher  parts  of  the  Central  Nervous  System. 

he  throbbing  in  the  head  and  slight  confusion 
ire  evidently  due  to  the  dilatation  of  the  ves-      "* 

Ig,  in  which  the  bniin  circulation  is  involved 

I  well  as  that  of  the  rest  of  the  body.     The 

Ight  is  curiously  affecte<I   in  some  people,  for 

ben  a  dark  object  on  a  white  background  is 

oketl  at,   it  seems   surn)untled   by  a  yellow 

ing  and  thnt  again  by  a  blue  one.  In  tlie 
ning  the  medullary  centres  may  be  acted 
reflexly  fn^m  irritation  of  the  nasal  sensory 
terminations;  the  respiration  is  inhibited,  while 
tlie  blood-pressure  may  rise  and  the  heart  l>e 
ilowetl  from  rcHex  action  on  the  inliiUtoty  and 
nao-constrictor  centres  res]>ectively.  After- 
Irards,  the  respiratory  centre  seems  to  be  stim- 

nlaied,  the  inhibitory  is  depressed,  while  the      

ttso-motor  is  practicallv  unaffected.  The  spinal      iji,K.d-prei.Mireumi.'raniTint- 

oord  is  not  acted  on  in  manuuais,  but  is  de-  [i'lr/.t.j'^tr,!;.;.::;;:?,;!^,;!";:! 
p«»ed  in  the  frog.  ru;^;j«.l!;%rx'^iiu':t:^"«T^ 

•iffcer  larger  quantities  convulsions  are  often  jMd  foi"'  ofpreM.ireit  followed 
DbBervetl ;  these  seem  to  be  of  cerebral  ongm,  turn  louuromt  icamu  a  nun- 
lad  are  probably  due  to  dirrn't  action  on  the 

Derve  cells,  ami  not  to  the  ciroiilalory  changes,  although  some  authors 
Ittributr  them  to  aniemia  nf  the  brain. 

The  Peripheral  Nerves  ami  the  Muscles  are  unaffected  by  the  inhala- 
ioD  of  amyl  nitrite,  but  when  tiie  fi-og's  mnscles  are  exposed  to  the 
Ifvct  action  of  the  vapor,  tht-v  undergo  a  slow  passive  shorteninp;  and 
pgor,  and  on  periodical  stiinulation  the  contraerions  become  rajildly 
r,  until  linally  no  rcs|H)ns<*  is  made  to  the  eh-ctric  shock.  Id- 
lODtary  muscle  is  more  cit-^ily  nffecti'd  than  striated  ribres,  as  has 
n  shown  by  the  behavior  of  tliiMntt-stinc  and  ureters,  but  even  these 
ni  less  readily  paralyzed  than  thi>  muscle  of  tlic  vessel  walls,  the  de- 
ion  and  paralysis  of  wliii-h  loud  to  thi;  full  in  the  arterial  tension, 
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as  has  been  already  stated.     The  nerve  terminations  see, 
affected  even  by  very  large  quantities,  so  that  as  long  as  ^ 
of  the  muscles  can  be  elicited  by  direct  stimulation,  it  fol  J 
stimulation  of  the  motor  nerve,  and  the  vagus  terminations    m 
can  transmit  impulses  as  long  as  the  heart  continues  to 
Temperature  is  somewhat  lowered  by  the  nitrite  series,  ov»^ 
dilatation  of  the  skin  vessels,  but  this  fall  is  very  insignific». 

Amyl  nitrite  causes  the  Blood  to  assume  a  dark  clioco/- 
both  in  the  body  and  in  the  test-tube.     The  color  is  due  rt 
compound  formed  by  the  nitrites,  but  to  their  changing  the  i*^ 
bin  to  methsemoglobin  and  nitric-oxide-hajmoglobin  compounds  ^^^^^ 
the  oxygen  is  attached  much  more  firmly  than  in  oxyhsemoglc^^^^^^ 
which  differ  from  it  in  the  absorption  bands  seen  in  the  sf^^^ 
This  change  in  the  haemoglobin  does  not  entail  the  destruction      ^^^ 
red  corpuscles,  and  the  compounds  are  eventually  reduced  by  the   ^^ 
although  the  reduction  progresses  much  more  slowly  than  that  ^^^ 
nary  oxyhseraoglobin.     In  man,  usually  very  little  of  the  hsemc^.^^^ 
is  thus  transformed,  and  even  after  large  quantities  have  been  i'^^L 
no  abnormal  coloration  of  the  blood  is  noticeable,  but  it  has  be^* 
monstrated  recently  that  the  alteration  of  the  heemoglobin  is  the 
of  death  in  some  animals,  through  the  blood  becoming  incapable  -^^ 
carrying  oxygen  to  the  tissues.     If,  however,  asphyxia  be  prevel'*'. 
by  the  inhalation  of  oxygen  under  pressure,  the  tissues  themselves  ^^>g;:^ 
eventually  acted  on.     The  formation  of  methsemoglobin  does  not  se€^^^ 
to  bear  any  relation  to  the  action  of  the  nitrites  on  the  vessel  walls. 

Excretion.  —  After  absorption  into  the  blood,  amyl  nitrite  seems  tC^ 
break  up  with  the  formation  of  nitrites  of  the  alkalies.  These  undergo 
partial  oxidation  and  appear  in  the  urine  in  the  form  of  nitrates  and 
nitrites,  but  the  quantity  of  these  excreted  is  never  equal  to  the  nitrite 
absorbed,  so  that  it  seems  probable  that  some  part  undergoes  still  fur- 
ther change  and  appears  as  one  of  the  normal  excretions.  The  amyl 
disappears,  and  is  probably  oxidized  completely,  although  some  may 
appear  in  the  breath. 

Nitrite  of  amyl  given  by  the  stomach  is  very  much  less  active  than 
when  inhaled,  as  the  nitrous  acid  is  freed  by  the  gastric  juice  and  im- 
mediately decomposes.  When  injected  subcutaneously  it  acts  much 
more  slowly  and  weakly  than  when  absorbed  by  the  lungs,  and  gen- 
erally gives  rise  to  glycosuria  and  slight  diuresis.  No  satisfactory 
explanation  of  this  fact  has  been  given,  but  it  is  possible  that  the 
formation  of  methteraoglobin  may  cause  partial  asphyxiation  of  the 
tissues,  and  thus  cause  the  formation  of  excess  of  lactic  acid  and  gly- 
cosuria. 

The  pharraacopoeial  amyl  nitrite,  with  which  most  of  the  experi- 
ments have  l)een  performed  on  which  the  above  description  is  based, 
is  not  a  pure  substance,  but  consists  of  the  nitrites  of  two  different 
amyls  —  «-amyl  and  /9-amyl  —  along  with  isobutyl,  ethyl,  and  propyl 
nitrites,  A  number  of  the  pure  nitrites  have  been  examined  by  Cash 
and  Dunstan,  who  find  that  in  general  features  they  resemble  each 
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as  has  been  idready  stated.  The  nerve  terminations  seem  to  benn- 
atfected  even  by  very  iarge  quuutitiei^,  ho  that  as  long  as  u  contraction 
of  the  muscles  can  be  elicited  l>y  direct  stimulation,  it  (ollows  aUiim 
stimulutiun  of  the  motor  nerve,  and  the  vagus  terminations  in  the  heart 
can  transmit  impulses  as  long  as  tlie  hrart  eoDtinues  to  l>eat.  The 
Temperature  is  soniewiiat  lo\ver*'d  by  the  nitrite  series,  owing  to  the 
dilatation  of  the  skin  ves!«els,  but  this  fail  is  very  insignificant. 

Amyl  nitrite  causes  the  Blood  to  asannu-  a  dark  ch(K'<il:ite  color, 
botli  in  the  body  and  in  the  t»  st-tiibe.  The  color  is  due  not  to  anv 
comiKinnd  formt'd  by  the  nitrites,  but  to  their  changing  the  hieni»i^»l'»- 
hin  to  mctlnetnoglobin  and  nitric-oxidL'-lvtemoglobin  corapound.siawhirb 
the  oxyjren  is  attached  nniclj  nujre  firmly  than  in  oxyhemoglobin, flnd 
which  dirter  from  it  in  the  abs<n'pti*in  bands  seen  in  the  Hi)ectruiii. 
This  change  in  the  hicnrngluliin  din-s  not  entail  the  destruction  of  thf 
red  cttrpusi'les,  and  the  conipminds  are  eventually  reduced  by  the  ti^*u^^ 
altlumgli  the  reduction  pixjgrcsiics  much  more  slowly  tliau  that  of  urdi- 
nary  oxyhienioglobin.  In  num,  usually  very  little  of  the  hwrnoglMtto 
is  thus  transformed,  and  even  after  large  quantities  have  been  inbal'ii 
no  abnormal  coloration  of  the  bload  is  noticeable,  but  it  has  Ut-a  lif 
monstrate<l  recently  that  the  altenttion  of  the  ha?moglobiu  is  the  ratwe 
of  tleath  in  some  aniuialsj  tiu'uugh  the  blood  becoming  incapuhle  of 
carrying  oxygen  to  the  tissues.  If,  however,  asphyxia  be  pr.'ventfii 
by  the  inhalation  of  oxygen  under  pressure,  the  tissues  themselves  in? 
eventually  acted  on.  Ttie  ibrination  of  mcthwmoglobin  docs  not  s«^ 
to  bear  any  relation  to  the  action  of  the  nitrites  on  the  vessel  walls. 

Excretion,  —  After  absorption  into  the  blood,  amyl  nitrite  scero?  to 
break  up  with  the  formation  of  nitrites  of  the  idkalies.  These  undprgo 
jwirtial  oxidation  and  appear  in  the  urine  in  the  form  of  nitniti*s8iM 
nitrites,  but  the  quantity  of  these  excreted  is  never  equal  to  the  Ditnte 
absorbed,  so  that  it  seems  probable  that  some  part  undergoes  still  fll^ 
thcr  change  and  appears  as  {me  of  the  normal  excretioUH.  The  amyl 
disappears,  and  is  prt^bably  oxidized  completely,  altliough  some  nuiy 
appear  in  the  breath. 

Xitritc  of  amyl  given  l)y  the  stomach  is  very  much  less  active  tli»D 
whcu  inhaled,  as  the  nitrous  acid  is  freed  by  the  gastric  juice  and  im- 
mediately dpc4)mpofics.      Whrn   injccletl  subeulaneously  it  acts  much 
more  slowly  and  weakly  than  when   abs^trbrd  by  the  bmgs,  and  geu- 
erally  gives   rise   to  glyc<)suria  and   flight  diuresis.     Xo  satisfactory  ' 
explanation  of  this  fact   has   been  given,  but  it   is   jH)s.sible  that  the  i 
formation  of  methrcmoglobin    may  cause   partial  asphyxiation  of  the 
tissues,  and  thus  cause  the  formation  of  excess  of  lactic  acid  luid  gly-  i 
cosuria. 

The  pliai'niacnp4rial  amyl  uilrile,  with  which  most  of  the  experi- 
ments have  l>een  |>erfornit'd  on  which  the  alwve  description  is  l>ased, 
is  not  a  pure  substance,  but  consists  of  the  nitrites  of  two  different 
amyls  —  a-amyl  and  ;?-amyl  —  along  with  isobntyl.»  ethyl,  and  propyl 
nitrites.  A  nunil>er  of  the  pure  njtriu-s  have  been  examined  by  Cash 
and  Dunstan,  who  find  that  in  general  features  they  resemble  e«ch| 
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■other  closely.     Tbe  more  uustablc  the  corapotiiul,  the  more  rapidly 

<i)L*s  the  full  in  blood-pressnre  occur,  wliile  tlie  leas  easily  decomposed 
oon]pouiid.s  are  somewhat  slower  in  ilitir  uetioii^  but  eaube  depressioa 
of  tie  blood -pressure  tor  a  much  lonj^er  time.  The  acceleration  of 
tbe  heart  and  the  extent  of  the  rigor  prmluccd  in  the  fntg's  muscle  de- 
|)eiid  aUo  on  tlie  rapidity  of  the  disintegration  of  the  nitrite  compound, 
■nd  tliercf  trc  arc  pamllcl  to  the  fall  in  the  blood-prcssurc. 

The  Nitrit^a  of  Potaasium  and  Sodium  act  very  similarly  to  those  of 
die  alkyls.  They  seem  to  have  a  more  powerful  netion  on  muscnlar 
tissue,  however,  at  any  rate  in  the  fnjp,  for  the  nniseles  are  paralyzed 
before  tlie  spinal  coni,  while  after  amyl  nitrate  the  reverse  is  tlie  c;ise. 
They  are  adminlsteretl  by  the  stomach,  atnl  therefore  act  more  slowly 
than  amyl  nitrite,  but  their  effects  hast  much  lunger.  The  gastric  juice 
liberates  part  of  the  nitrous  acid  l>efore  absorption  can  occur,  and  it  is 
trnmediately  decr»m|X)sed  and  often  causes  some  eructation.  The  nitric 
aoiil  formed  from  it  may  also  give  rise  to  irritation  of  the  gastro-in- 
(tttioal  mucous  membrane.    The  nitrite  absorl^cd  is  excreted  as  nitrate 


Fig.  49. 
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lo  llKi«trat«  iltr  lateriftitv  aod  daraUoo  of  the  Action  of  tbti  niemher^  uf  th{>  nitrite  sertea. 

Ittf«bl  <pf  ttic  fall  or  pri'-'uiiro  U  uivosarml  aUtog  tlio  vrrticul,  thi.- (iiiniLloi)  iiloii>t  iho  horlAitutml 

i  A.Atay\  uilritr.  eihyl  Ditnle,  elc. ;  if.  nitrat;Wcvriii :  f ',  »<j<iluiii  uitrile:  />,  eryllir"!  tctraiiilraiu. 

>fnil«Bt  rc^liirduu  'PL-cun  In  .t.  but  U  piusiM  ott  for  llic  iuimI  juirl  lu  5  (uluvilcs  aud  eotin.']}'  lu  3U. 

Ml/0|f IjikH a  m-Ls  mure  ruptUt)'  iJiuti  tiw  liuti  two,  and  iLi  i>irm-tH  MttitiutiR  altULinL  a.t  luug  km  IIium*  uT 

*Mua  nitrite      Krviliml  lotrao Urate  uiily  «x«rM  lU  fVtll  etlect  after  iiiv  bciIod  uf  Uic  uilivnt  Uu 

tamdaS.    (AfUir  Jjhxobckt.) 

Ill  the  urine,  although  some  of  it  may  remain  unoxidizcd.  The  metal- 
lic nitrites  do  not  as  a  rule  cause  so  much  headache  aud  Hushing  of 
the  face  and  neck  as  the  alkyl  c<»m|)oundH. 

Nitroglycerin  produces  the  same  ctfccts  as  the  other  mprabers  of 
tbi«  seritis,  but  acts  much  mon;  powcrfiiiiy  than  either  (he  metallic  or 
sikyi  nitrit*.s.  It  presents  ^!ornc  ndnor  |Kiints  of  dilTcreiicc,  as  in  pro- 
duping  convulsions  in  the  frog  and  in  some  mammals  when  given  in 
Very  large  quantities,  and  in  causing  more  severe  headache  in  man.  It 
B  not  decomposed  in  the  storaacli,  but  on  r4'achinji  an  alkaline  fluid, 
wch  as  die  biofKl,  at  once  breaks  u]y  into  glycerin,  nitrites  aud  nitnttes, 
in  the  proportion  of  two  parts  of  the  former  salt  to  one  of  the  latter. 
Its  acliim  commences  very  soon  after  i(s  aditiiiiistration,  and  lasta 
mnch  longer  than  that  of  amyl  nitrite.     The  ex]»lanation  of  its  greater 

tictivity  may  be   that  it   is  absorbed    unchanged,  but  is  then    broken 
Up  at  once,  while  the  metallic  nitrites  are  decomposed  in  the  stomach 
and  much  of  the  nitrous  acid  is  lost. 
Tbe  convulsions  are  probably  due  to  the  whole  molecule  of  uitro- 


( 
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has  been  extended  to  other  forms  of  spasmodic  seizures,  such  as  epi- 
lepsy. It  seems  to  be  of  little  or  no  value,  as  indeed  might  be  ex- 
pected from  its  pharmacological  action.  In  some  cases  it  even  seems 
to  increase  the  tendency  to  convulsions. 

Sweet  spirits  of  nitre  has  long  enjoyed  a  popular  reputation  as  a 
diaphoretic  and  diuretic.  It  seems  to  have  little  action  either  on  the 
kidneys  or  the  sweat  glands,  and  might  be  discarded  from  the  phar- 
macopoeia without  loss.  It  is  of  more  value  as  a  carminative  and 
flavor  than  for  any  other  purpose. 
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XXXI.     ERGOT. 

Er^>t  is  a  parasitic  fungus  (Claviceps  purpura)  which  grows  on  the 
rye  (Secale  cereale)  and  occasionally  on  other  kinds  of  grain  ;  more 
rarely  on  other  plants.  It  is  of  great  importance  in  therapeutics  and 
also  in  to.xicology,  as  the  use  of  bread  and  meal  containing  it  has  fre- 
quently given  rise  to  widespread  epidemics.  In  these  the  chief  symp- 
toms con.sisted  in  gangrene  of  the  limbs  or  in  convulsive  movements 
and  contractures. 

The  chemistry  of  ergot  has  been  the  subject  of  a  lai^e  number  of 
investigations,'  but  these  have  been  attended  with  little  success  until 
the  last  few  years.  The  question  of  the  chief  active  principles  seems 
to  have  been  settled  by  the  recent  work  of  Barger,  Dale,  and  their  co- 
workers, who  have  found  two  alkaloids  in  the  fungus,  one  of  tliem 
ergotoxine,  Cj^^H^^OgN^,  being  the  hydrate  of  the  other,  ergotinine, 
C^^^HjyOjNj.  Of  these,  ergotoxine  has  a  very  powerful  action  on  the 
tissues,  while  ergotinine  is  apparently  almost  inert.     Either  alkaloid 

*  These  have  j^nerally  resulted  in  the  introduction  of  some  supposed  active  (xmstit- 
uent,  but  none  of  these  were  chemically  pure  and  the  names  have  now  only  historical 
interest.  The  best  known  of  these  names  are  ecboline,  ei^tine,  picrosclerotine,  aclero- 
cryfltalline,  sphacelinic  acid,  comutine,  chrysotoxine,  Becalintoxine,  ephacelotoxine, 
hyd  roergotini  ne. 


ERGOT. 
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re»<1ily  tpansfnrnied  into  the  other,  and  this  may  explain  many 
'the   discrejKiuru'^    in   the   liter.iture  of    tlie   subject.      There   .still 
tuuiiiis  u  iliiulit  whetlier  the  wliide  activity  of  ergot  ean  \w  cxfibimnl 
>y  itj*  content  t>f  ergotoxine,  and  it  mast  be  adiiiiUetl  thai  there  may 
My  Ik*  wiine  <»lher  active  Uxly.     No  (M^nvincing  evidence  tor  this 
a]i|>oareil  i\^  yet,  however.     In  addition  to  the  Hlkah)id.s,  ei^it  (Min- 
im** n  quantity  nf  an  inert  nil  and  H»me  s'lponirie  lK)die>  whieli  aid  in 
In?  su*|K*n?!»l(»n  ttf  the  more  iin|j<jrlant  principles  in  aleohrtl  and  water. 
Erjrot  luii^  nirely  given  rise  to  serious  Acute  Poisoning   in  man,  !)ut 
&*inie  eases  in  which  it  was  taken  to  procuiv  alxnlion  tlie  Hym]>l(>nis 
onsiste*!  in  eollapso,  with   a  weak,  rapid   pulse,  tinglinjr,  itehinjr,  nnd 
idduesjt  iif  the  skin,  unquenchable  thirst,  vomiting  and  diarrlio-a,  con- 
iisitin  or  unconscionsneev-s,  hemorrhage  fntm   the   utenn,  ab4>rtion,  and 
iften  ictenifl.     EcchynioHes  were  found  in  the  tiubcutaneoui*  ti^^sues  and 
in   many   internal    organs*.     Oecaiiioually,  after   a   single    small    dose, 
gauifirene  h.in  8U|>t»rvene<l  in  J^mall  areoH  Huehaj*thp  toe-nails. 

(iivun  in  thepa|>eulic  ih>^vf<  ergot  has  getimilly  no  effect  except   in 

int  women,  in  whom  it  often  induecti  contraction  of  the  utenis 

e\*acuation  of  it8  contejits.     lu  Home  cartes  of  fatal  poisoning  no 

;ion  i»eeurred, 

>nic  Poisoninff  was  formerly  not  uncommon,  and  in  fact  frequently 

[pnve  ri*  to  widespread  epidemics,  from  tlie  use  of  bread  containing  ergot 

ter  poor  harvests  and  eppeoially  in  wet  seasons.     Of  late  years  these 

epidemics  have  become  rare  except  in  Russia,  but  some  of  the  "  plagues  " 

of  metlixeval  EurojM?  may  have  been  due  to  ergot  poisoning. 

The  symptimis  of  ergotism  are  sliarply  divided  into  two  groups, 
th(is«!  of  gangrene  and  those  of  nervous  disorders.  In  Home  epidemics 
l>oih  tlie  gangrenous  and  the  convulsive  forms  are  present,  but,  as  a 
*Dcnil  rnie,  one  is  much  more  prevalent  than  the  other,  at  one  lime 
being  almost  invariably  present,  while  in  another  epidemic, 
ilsive  ly|>e  is  the  nuirc  common.  The  gnngrene  is  genendly 
e1o|H-<)  in  the  limbs,  es[>eeially  in  the  lingers  and  toes;  sometimes 
whole  arm  or  leg  becomes  ojhl  and  nniothetie,  dark  in  color,  and 
dry,  hard  and  shrunken,  and  falls  off  wiih  little  or  no  i>aiu  and 
luemorrhage.  Symptonjs  of  such  severity  are  rare,  however,  and 
milder  eiises  only  the  skin  necroses.  Gangrene  of  internal  organs 
i>ccurs,  rt»i*nlling  in  catunu't  in  the  lens  of  the  eye,  or  ulcers  in  the 
bowel  and  stomach,  and  stimetimes  affecting  a  whtde  organ  stieh  as  a 
lung  or  tlie  uterus.  Ai>ortion  is  seldom  mentioned  in  the  ac(*ounts  of 
tronic  ereol  jwisoning,  and  pregnimcy  seems  in  many  cases  to  have 
in  ilii  ordinary  oiurse. 

Id   s|iasmo*lir  ergotism   the   tirst  symptoms    are    depression,  weak- 
uxhI  dn>w»-iui'S!?,  often  with  headache  and  giddin<»ss,  {uiinful  cramps 
limbs,  and  itelnng  and  formicatiou  of  the  skin.     In  severe  eases 
^rt>xy*mal  omvnlsions  -aet  in,  genendly  clonic,  and  often  epileptiform, 
bat  leaving  as  se<piehe  c»intr;ictuiVH  in  the  limbs,  or  less  often  in  the 
mui^cics.     Some    intellectual   wt^akness    oiVen   follows  recovery 
ergi>t   poisoning,  this  not    infrt**jiiently  amountiug   to   complete 


OU  of  ergot  oil  tlir  bliHHl-pn'sMini  (Dale)  Tn  A  the  Injection  of 
rewiiip.;  m.  P.»  with  faiwtririion  c.f  the  vessels  of  the  Uv-  In  Wfc 
(Jcct*.'(l  prcviimnlj',  and  lidruiiiiUuc  lnJfet*Ml  at  tlie  point  indicated 
pure  vriUk  tllloutlou  of  the  hitestliULl  vcMcla. 


tthe  same  pW  in  pressnn?  is  ohwrvwl,  hut  if 
leiDJectetl  before  the  pressure  rctiirn-s  to  the  imr- 
raisiiij^  the  pressure,  it  |*nMliict»s  a  marked  falh 
Hplaiielmie  nerve  1k'  Htimulated  while  the  I)1o<hI- 
rgftt,  wliilc  in  ortliiiury  eiivunistances  tliij^  raises 
jonstrictinp^  the  niHhiminnI  vpR^iels.  Or,  if  aftpr  a 
pressun-  he  allowwl  t<^  return  to  the  nurnml  and 
ected  or  tifc  spluTichnics  Ik*  stiruulatcil,  no  effect 
.  The  explanation  of  this  remarkable  rhange  is 
falyzod  the  nio(i»r  or  e<.)nstrietor  terniinalions  in 
otor  impulses,  either  from  the  splanchnic  fibres  or 
nine)  t"au  no  Ioniser  reach  the  musele,  nor  can 
iralyzcd  terminations.     But  while  the  constrictor 
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tenninations  are  thus  put  out  of  activity  the  inhibitory  or  vaMjdikof 
t<Tmtnatioiis  are  miuQei^ted,  and  tbiis  anything  wliii;b  ^tiuiulat**!'  ll 
(f.  r/.,  lulrenaliiic)  may  cause  a  fall  of  pivssurt'.     Tho  cH'eots  of  adni 
lint  im  the  vasoililator  terminations  are  ordinarily  ma.sked  hy  its 
<iu  the  uutiv  jKiwerful  constriftors. 

The  tenninations  (if  the  inhibitory  nerves  of  the  heart  are  not  ytn' 
IvzhI  or  Wi'iikcnwl  in  any  way  by  er^in,  hut  lar^»  diwe?*  apin-ar  tn 
we;iUeu  and  dt-pretss  tlie  aecelerator  tcrnuiiatit»nri  which  ai*e  derival  I'rifn 
the  thopdtMo  sym|>jithetic. 

The  Hiomach  and  infctitint'  rwvive  nu»tor  iinpnlses  from  the  piumii'*- 
gastrie,  and  tliese  are  nt>t  ut^ectetl  by  ergot.  The  sphuirhnie  str|t|ili« 
iii]iiliitor\'  fi}>res  and  tbese  are  also  inmnine,  so  that  the  paMric  and  int^'v 
tinal  nioveinents  are  .soarecly  aHlx-ted  .save  by  a  slight  au^iciitali'fl 
occasionally.  And  adrenalin  induces  inhibition  of  the  |)crist«l!'i^  »' 
usual,  but  the  spbiiieiuiie  in4>tor  terminations  in  the  intestinal  rpliiiip* 
terr*  are  paralyzcfl  by  lar^e  dofses  of  erp<it. 

The />»jJ/7  underlies  a  |X)Werftil   const rietinn  when  er^t   i?  injt-ctwl 
intra venou.siy,   soinetinni.H   after  a    momentary   dila tuition.     Thi-  I'^tu- 
fttriction  is  not  aifected  by  atntpinc  and  18  believed  to  be  due  to  a  HirM 
action  on  the  muscle  tibi-e.      After  lai^  doses  of  er^t  adrenalim- faiU 
to  dilate  tlie  pu|»il,  iKviii;^  to  depression  of  the  dilator  nerve  fibix>  wliicli 
originate  in  tbu  thi>rueir  region  iiiid   puss  upwards  in  the  cor\'ical  ,«iin- 
pathctic^  trunk.      Itn  action  on  the  hUulder  and  \n-efhra  is  of  inttrH,  Jt* 
here  the  motor  nerve-eupply  is  ]>nrtly  derived  from  the  lumbar,  aii<i 
partly  from  the  siicral  nervep.      It  is  foiuid  (Pale)  that  while  thi^* motor 
terminations   from    the   linidtar  nnitx  arr  pandyzed   by   ergot  in  laig«? 
■doses,  tbose  fj'om  tlie  s:icnd  arf  unaftW'tcd. 

The  acci'dorif  nerves  are  djseriininatetl  between  in  the  same  way  »* 
the  mn.senlar.  Thus  it  is  found  that  in  the  cat  large  doses  of  eti^t't 
prevent  the  secretion  of  the  submaxillary  eland,  which  normally  skvoi"- 
pnnies  stimulation  4»f  tla?  sytnpatbetic  (ibrcs,  or  Ibllowh  tin?  injet-titm  of 
adromiline,  wliile  stiniulatian  of  the  chorda  tynipani,  a  cranial  nervt,  b*-* 
its  usual  edWt. 

The  most  important  effect  of  ergot,  however,  i»  exerted  ou  the  ulmOt 
in  M'hicli  it  stimulates  primarily  the  n»otor  terminations  of  the  liyi»* 
gustiir   ntTves.      The  t^lU'ct  is,  thrrcfon',  always  contraction,  the  extcn' 
of  movement  vaiying  with  the  dose  of  ergot.     Tlu-  contraction  last*  f'* 
a  short   time  and   is  followcnl  by  a  slow  relaxation,  but  thi.s  is  inltf* 
Tupled  by  numerous  new  contractions,  a  lasting  etf'ect  on  the  irrllal)ilitv 
Ix'ing  induced.    Aelrcnaline  also  causes  contraction  of  the  uterus  in  mwic 
animals,  whih'   in  others   it    inhibits   niovcmrnt  and   n-lax*"?;  the  organ; 
adi'cmilinc  bere  iigain  stimidates  buth  motor  and  inhibitory  terminations, 
and   tlir  result,  contraction  or  relaxation,  de|>ends  on  the  nature  nf  the 
prciloniiuating  nerves.     Ergot  acting  only  on  the  motor  endings  cnn 
induce  contraction   only.      AVlten   a  Uirgc  amount  of  ei^ot    has  Item 
injected,  the  mtvtor  t<'rminations  berome  di-pressed  or  paralywMl,  and 
now  a<lrenaline  causes  relaxation  in  all  animals,  whatever  its  eflccts 
befoi-e  the  injwtion  of  ergot. 


nf  the  utertne  moremenN  under  ersnt,    c'outroction  uovw  the  llrer  downward.  At 
Niht  marked  with  the  arrow  ergot  wu  fiijL-otcd. 


The  ceutral  nervous  system  is  acted  on  by  ergf»t  in  lioth  man  and 
tWer  animals,  but  this  bas  not  as  yet  been  ebicidattMl  by  iL'X|K-n- 
Dt  and  ibe  |M)int  itf  action  is  j*till  nnknenvn.  Tbc  ib'prt'Ksion  seen 
Bcially  in  tbo  fowl  socms  to  point  tf>  oeivbml  netinn  w!iile  tb«  iiinrkod 
ria  may  imlirat*^  an  afifef*tinn  of  the  (vn'bfllum.  Tbe  rlonio  cou- 
pon?* i»een  in  mammals  sii^fj*'st  cliantjrs  ii]  tlic  reijinns  of  tbt*  [Kins 
medulla.  Tbe  curitnis  pfiniancnt  effects  observed  in  s|>asm(Miic 
rtiem  have  not  l>een  expliiine*!,  fuid  no  analot^ons  symptoms  iiave 
obt*erved    from   ajiy    other  form  of  chronic   alkaloidiil  poison- 
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tend  to  cauw  asphyxia  in  tho  child,  and  thcrcfoiT  ndvLse  that  crjrot  be 
ased  only  to  proscrve  the  ntcrus  in  a  contracted  condition  after  the 
ebild  ami  placenta  have  been  expelletl.  In  every  case  the  attendant 
ould  of  course  satisfy  himself  before  giving  ergot  of  the  absence  of 
ill  actual  irap*'dimenta  to  the  passage  of  the  child,  snch  a.s  contracted 
telvis,  abnormal  pivnentation,  ur  great  rigidity  of  the  soft  part«,  imd 
hoD  it  is  administered  before  the  head  emerges,  (he  dose  ought  to  be 
iall,  as  otherwise  the  tonic  contraction  may  be  induced.  \Vhen  the 
d  is  ab^ait  to  emerge,  on  the  other  hand,  a  large  dose  may  be  given 
prom.it?  the  permanent  contraction  of  the  uterus  and  thus  to  pre- 
ent  pnst-partum  hiemorrhage.  M'hen  the  latter  has  nnce  8et  in,  er- 
Dt  is  of  less  immediate  service,  as  it  is  slowly  absorbed,  an<I  no  ef- 
tcta  follow  for  stjme  twenty  minutes  or  more.  Whenever  tlure  is  any 
Etson  to  fear  that  weakness  of  the  uterine  contraction  and  htpmor- 
hag«  may  set  in  after  the  expulsion  of  the  child,  ergot  oujjht  to  be 
eu  when  the  head  emerges,  and  many  gynecologists  recommend  this 
a  routine  li-eatment. 

Ergot  hinders  |x»3t-partum  hiemorrhage,  chiefly  by  promoting  the 
Bontntction  of  the  uterus.  In  other  forms  of  haemorrhage  —  from  the 
itomach,  intestines,  kidneys,  lung  or  uterus  —  in  which  the  bleeding 
point  cannot  be  reached,  it  is  often  advocated  in  the  belief  that  it  con- 
tracts the  walls  of  the  vessels  and  thus  arrests  the  fl(tw  of  blood. 
Tlieso  hafmorphages  so  often  cease  spontaneously  that  it  is  dillit^ult  to 
Btitnate  the  value  of  any  remedy,  but  it  may  be  questioned  whether 
tr^ii  merits  its  reputation  in  these  cases.  Its  action  in  healthy  aui- 
■uls  oert^iuly  intlicates  that  the  contraction  of  the  vessels  is  confined 
(vrtaiu  organs,  and  there  is  no  reason  to  snp]M«se  that  a  more  intense 
Wion  is  exerte^I  on  a  rupture<i  vessel  than  on  tiie  uninjured  ones  of 
OtlwT  organs ;  but  unless  this  is  the  case  the  use  of  ergot  may  be 
Itlior  liai'mful  than  remedial,  for  any  increase  in  the  gcniTuS  bliMid- 
iTESKurc,  such  as  would  fothnv  tlie  contniction  of  the  vessels  ihroiiirh- 
il  the  body,  must  increase  the  eseafK*  of  bhxHl  from  the  injured  ves- 
L  In  these  cases,  as  in  labor,  the  fluidextruet  is  often  given  by  the 
Kith,  but  this  extract  or  the  syx>rial  preparation  of  the  B.  P.  is 
mi'times  injected  with  the  hypodermic  nrcille.  It  is  irritimt,  and 
ight^  therefore,  to  be  injectcfl  deeply  into  the  muscle,  rather  ilian  into 
>  xubrutaneoiis  tissues. 

The  effect  of  ergot  in  inducing  contraction  of  the  uterus  has  been 
v»]  in  the  trejitment  of  subinvolution  and  of  myom:it;i  of  that  organ  ; 
involution  of  the  uterus  certainly  seems  to  be  favored  by  it, 
t  the  results  in  tumor  are  more  open  to  question.  In  any  c-asc  the 
longeii  treatment  of  this,  or  of  any  other  (condition  with  ergot 
to  be  deprecated,  for  if  the  drug  is  active  at  all,  it  may  induce  gim- 
?ue  or  spasmodic  ergotism.  The  same  criticism  might  he  applied 
the  ergot  treatment  of  a  number  of  other  diseases,  such  Jis  aneurism, 
ibetes,  or  pneumonia ;  and  in  addition,  it  docs  not  seem  to  have  any 
alter  effect  in  tlicj^o  than  many  other  less  <Iangemu3  remedies,  which 
re  been  equally  vaunted  as  specifics,  and  have  been  found  equally 
uelesfl. 
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PART  III. 

COMBINATIONS  OF  THE   ALKALIES,  ALKALINE 
EARTHS,   ACIDS   AND  ALLIED   BODIES, 

SALT-ACTION. 

The  action  of  most  of  the  substances  discussed  in  the  foregoing  pages 
may  be  best  explainwi  by  supix)sing  that  they  cause  some  change  in 
the  living  matter  of  one  or  more  organs  through  a  specific  chemical 
affinity  for  it.  Thus  strychnine  may  l>e  supposed  to  act  on  the  spinal 
cord  by  f(»rming  a  chemical  compound  with  the  protoplasm  of  the 
nen'e  cells,  while  prussic  acid  changes  protoplasm  generally,  through 
s  similar  affinity  for  it. 

Some  IxKlies,  on  the  other  hand,  seem  to  have  little  specific  affinity 

for  living  matter,  but  affect  it  largely  as  tliey  do  dead  colloid  eub- 

stances,  tiirough  changing  the  physical  properties  of  the  fluids  contained 

in  it  or  snrroinuHng  it.     This  action  is  seen  best  in  the  effects  of  some 

of  tlie  salts  of  the  alkalies,  and  is  therefore   known  as  "  salt-action/' 

»ltho\igh  it  is  not  confined  to  these,  but  is  shared  by  any  soluble, 

diffusible  Iwxly  which  can  circulate  in  the  tissues  in  sufficient  quantity. 

The  salts  of  strychnine  or  of  pnissic  acid  are  undoubtedly  capable  of 

inducing  physical  changes  similar  to  those  observed  after  chloride  of 

flodiuni,  but   they  play  no  part  in  the  symptoms  induced  by   these 

p»>i^ins,  l)e<'ause  animals  die  from  the  si>ecific  action  long  beibre  the 

quantity  necessary  to  induce  the  "  salt-action  "  can  l>e  absorbed.     In 

ibe  case  of  less  [Kiisonous  organic  substances,  such  as  sugar  and  urea, 

however,  many  of  the  features  of  salt-action  may  be  observed. 

Much  light  has  l)een  thrown  on  the  nature  of  salt-action  by  the  re- 
cent advances  in  physical  chemistry,  which  have  shown  that  many  of 
the  changes  in  tl»c  animal  body  are  analogous  to  those  observed  in  the 
cbemic:il  lalM^raton.'.  When  an  aquetms  solution  of  sugar  or  salt  is 
carefully  |M)ured  on  distilletl  water,  so  that  two  layers  are  formed,  a 
process  of  DiflUsion  commences,  the  dissolved  molecules  passing  through- 
out the  fluid  until  the  whole  becomes  homogeneous,  each  cubic  centi- 
metre containing  an  equal  number  of  molecules  of  sugar  or  salt  If 
instead  of  distilled  water,  a  solution  of  another  salt  be  used,  the  same 
pn>ceNS  results,  the  two  bodies  diffusing  tliroughout  both  fluids  until 
these  become  homogeneous ;  and  if  the  fluids  l>e  sejmrated  by  a  mem- 
brane which  offers  no  obstacle  to  the  jx'netration  of  the  water  and 
sits,  a  similar  interchange  occurs.  When  a  membrane  is  used  which 
does  not  allow  the  salt  to  pass  through  it,  a  different  result  is  observed ; 
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if  il  rtoparates  salt  solution  from  pure  water,  the  latter  pusses  tbi 
until  it  is  exhausted,  or  until  stvme  factor  such  as  hydrostatir  prewnre 
put5  a  limit  to  further  movement.  This  is  readily  intelligible,  for  ibe 
pure  water  eau  pass  without  hindrance  towards  the  salt,  but  having 
rendered  the  r^oliitiun  more  dilute,  it  cannot  diffuse  in  the  oppoale 
direction,  because  this  would  be  eiiuivalent  to  forming  a  more  conwih 
trated  solution  of  the  salt,  and  this  requires  the  exjjeuditure  of  enerp, 
such  as  heat,  while  in  the  e^ise  in  point  there  is  no  energy  available  Iw 
this  pnr|wse.  A  siruilar  result  is  obtained  if  the  meml)rani»  «*|iiintt 
solutions  of  a  noii-permeutin^  and  of  n  pcrmwuiug  salt,  tk  lattT 
passing  thrt)ugh  with  the  fluid  in  which  it  is  dissolved  until  so: 
traueous  factor  counterbalances  the  diffusion. 

The  resistance  oHenil  by  a  non-|x'rmi'atingsaU  to  the  pti«*sage  th 
the  mcnii>rancorthc  Hiiid  it)  which  it  i^clissolved  is  known  :i.s  the  Osmotic 
Pressure  of  the  solution  and  varirs  with  the  numltcr  of  moUrulcswul 
ions  (sei'  pay-e  484).  Wlicri  both  the  s;dts  in  s«»lution  on  the  ()ppt»"iti! 
sides  of  the  membrane  are  unable  to  penetrate  through  it,  the  move- 
ment of  the  lluid  is  drt<*rmined  l)y  tho  relative  osmolic  pres*iiireoD  the 
two  sides,  water  t^^utlitlg  [o  puns  frniii  ibe  fsolntion  with  i\\e.  luwcr 
osmotic  pressure  (the  /^i/yw>/o«/i' sf^hilion}  tn  that  with  the  higher  (Akj*"'- 
tonic)  until  an  eipiilibrium  is  establisbtid  by  the  osmotic  pressure  br* 
coraiui^  erpial  on  the  two  sides,  when  the  solutions  arc  said  to  be  uMuk 
As  a  general  rule,  Jiowever,  nieml>ranes  are  p:irtially  ]>ermeablfto  bnlll 
salts,  and  tiie  movement  of  the  fluid  is  determined  by  the  rulati^t 
osmotie  pre^ssuro  of  the  fluids  divided  i>y  the  rate  at  which  the  sJts 
pass  through  the  imMubraue.  If  sufficient  time  is  allowe<l  tc  v\n^ 
the  two  solutions  will  lH«t>me  identiei\l  in  e*jmj)osition,  but  dimngi 
short  p(!ri()dj  the  details  of  the  proc<'SS  are  difficult  to  fnllow,  wiJ  tin 
complexity  is  infinitely  greater  when  instead  of  a  single  .-alt  ou  iflcli 
side  of  the  membrane  there  are  several  salts  each  differing  iu  its  pfr- 
me:ibility  and  coneentnition.  The  direction  of  the  flow  is  then  dct^ 
mined  by  tlio  sum  of  the  osmotic  pressure  on  each  side  dividitl  by  the 
penetrating  power  of  each  individual  substance. 

In  the  animal  body  such  membranes  as  are  used  in  physical  cxppn* 
raents  are  not  met  with,  Init  the  cells  consist  of  colloid  sul>staiKies  w>n- 
taining  fluid  and  diffusible  b<idies,  and  are  surrounded  by  liipiidsw'liico  ' 
are  practically  salt  solutions  isotonic  with  the  e<)ut('nts  of  the  wlwi  j 
any  change  in  the  contents  of  the  cell  or  in  the  lymph  snrrouptlini.'  '^  | 
must  of  necessity  give  rise  to  a  certain  movement  of  the  fluids  i»  f"*-' 
same  way  as  if  each  cell  were  surrounded  by  a  membrane.     All  ll>^  | 
cells  of  the  Inidy  are  permeable  by  water,  and  a  dilution  of  the  ftunl*  | 
surnjundiug  them  is  therefore  ftdlnwed  by  an  increj»se  in  their  flu"* 
contents  and  swolling.     On  the  other  hand,  some  salts  seem  to  <^ffu* 
int(j  cells  piactically  without  resistance,  while  others  fail  altogetlit?r  t'* 
do  so,  or   penetrate  ouly  very  slowly.     The  subject  has  been  inv*st>^ 
gated  with  most  cure  in  the  red  blood  coIIh,  which  are  found  t4)  lw|ien«' 
trateil  by  ammonium  chloride  nnd  some  other  salts,  while  ihey  af^ 
impermeable   by   sodium   chloride  and   the  other  salts  of  the  fix^ 
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alUlit**.  Accordingly,  when  the  red  blood  cells  arc  surrounded  hy  a 
^)lntinn  of  ammonium  chloride,  whiitcviT  its  (Hmrentration^  their  fluid 
CDuUriiLs  are  iuoreuse<l  ;  they  ywell  up  and  eventually  lose  their  luemo- 
glotjin,  exactly  as  if  they  had  been  placed  iu  pure  water.  Wheu 
thuy  ure  phieed  in  an  it^otonic  solution  of  chloride  of  sodium/  they 
rcmaia  unchanged  in  size,  while  iu  a  hy|>ert<)nic  solution  their  llciid  dif- 
fiises  out,  and  they  shrink  ;  a  hy(Kilonie  solution  acts  like  pore  water, 
the  ifciiraohc  pressure  of  the  salts  in  th<>  corpuscles  overcoming  the 
eioaller  o:ira)tic  pressure  of  the  surroundinjr  Hnid.  The  behavior  of 
aoell  towards  salt-*  therefore  varies  witfi  each  individual  salt.  Solu- 
liom  of  those  by  which  it  is  perfectly  permeable  have  the  same  ef- 
fects a5  pure  water ;  but  the  less  diffusible  the  salt,  the  rnure  tendency 
il  ha3to  prevent  the  entrance  of  the  water  in  which  it  is  dissolved,  and 
ifia  sufficient  couceutratioo,  to  withdraw  ilnid  from  the  cell,  X  per- 
fwtly  ditfasible  substance  can  never  prevent  the  entrance  of  fluid, 
hoffuver  concentrated  be  its  s<^huion. 

All  the  cells  of  the  boily  do  not  rescnjble  eaeli  other  in  their  per- 
meability, nor  in  the  stdts  which  ditfuse  into  them.  For  example,  tho 
tntcstimd  epithelium  takes  up  some  of  the  salts  of  the  alkalies,  while 
tlte  rwl  blood  (x;lls  do  not. 

An  even  more  obscure  relation  between  the  salts  atid  colloids  has 
Wd  fliscovered  by  Hofmcister,  who  found  tliat  /^tlatin  [ilatrs  thrown 
into  MTeak  sjlt  solutions  absorb  more  Huiil  than  when  thuy  are  put  in 
tellal  water,  and  who  inferred  from  this  that  colloid  substances 
We  a  special  affinity  fur  salts  quite  apart  from  their  |»ermea()ility  by 
Water,  and  that  they  are  not  merely  piissively  permeated  by  salt  solu- 
l'"D9,  but  have  an  active  attraction  Hir  some  of  the  sjilts  containe<]  in 
tiem.  This  affinity,  which  may  depend  on  the  same  factor  as  the 
permeability  of  the  «rell,  varies  for  ciifft-rent  saltjs. 

The  r61e  played  by  the  physical  forces  in  the  Halt-iu'tiou  is  thus  detcrinined 
lot  only  by  tlie  physical  pro|>ertie3  of  the  fluids,  but  also  by  the  "  atliniiy  " 
<T  tile  cell  contents  for  certain  of  the  couatitueats  of  the»v  Hulcis.  In  con- 
*'IU5i<m  it  umy  Ih*  staU^U  that  these  physiail  forces  iitv  not  HulHcicnt  (<>  ex})laiu 
'fee  whole  processes  of  ubwtrpti'iu  and  encretiuu,  us  hua  somctiriic:*  been  stated; 
^e  pbv?(icfll  forces  merely  intluenee  the  prot^esses  of  nutrition,  wliich  dej^end 
^1  forcrs  hitherto  unexpliune<l  and  poaaibly  excreiHed  only  by  the  living  proto- 

The  penetrating  power  of  salts  Acpm?  to  be  connected  with  the  property 
^hich  miiny  nf  tlie  ii  posscAs  of  precipitiitinjj  certiiin  c(»ll(>i<l  siihsljmces  from 
their  »ulutioas  iu  water,  for  those  salts  which  permeate  gelatin  jihitcw  are 
^i*und  to  prceipiU'»te  eolloid.s  leas  than  othen*.  Thus  the  Hulphatcsofthe  iilka- 
l^w,  which  perraeate  gelatin  plate**  with  ditfiruUy,  throw  fflohuUni*  out  of 
•olutioa  much  more  readily  than  the  ehloridoti.  IFere  a;oun,  however, 
Aiflferent  eolloid-s  vtiry  in  their  afflnitie^.  some  reaetinj;  to  one  sidpbate  and 
»»i>t  to  another.  Thia  reaction  is  not  confined  to  the  proteids  but  extends  to 
•any  carl>ohydrat«  colloid  subatanccR. 

Id  the  dilute  solutions  found  in  the  tissues,  the  salts  do  not  exist  as 

.  'An  isotonic  solution  is  here  tiwl  toindieate  n  soluttun  in  which  the  osmotic  jiressuro 
Mwul  to  that  of  the  Mock]  fi^riiii],  and  (pn^sunubly)  to  that  of  the  conlenla  of  the  red 
Uoodttlk. 
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such,  but  are  largely  dissociated  into  two  or  more  lona  cbarge** 
positive  and  negative  electricity.     Thus  if  a  small  quantity  oi'po^     i^ 
chloride  be  dissolved  in  water,  it  is  dissociated  into  a  positive  ^^f^^ 
(Kation)  and  a  negative  CI  ion  (Anion).*     Similarly  sodium  sulf^>^^*^ 
aissolved  in  water  exists  as  two  Na  ions  and  a  negative  SO^  ion.       ^-f^ 
effect  of  this  is  that  the  osmotic  pressure  of  such  a  dilute  sol^*^^*^ 
diverges  considerably  from  what  might  be  expected  if  it  were  ^^^^ 
lated  from  the  number  of  molecules  present,  because  each  of  the  ^^  g^ 
exerts  the  same  osmotic  pressure  as  a  whole  molecule.    But  a  more    ^^"^ 
portant  fact  is  that  the  ions  of  a  salt,  and  not  the  whole  molecule,  ic:^'^  ^ 
chemical  combinations,  and  thus  exert  their  pharmacological  actf^^ 
Thus  what  is  known  as  the  action  of  njany  poisons  is  really  the  act?'^^ 
not  of  the  molecule  as  a  whole,  but  of  one  of  the  ions.     For  examp-J    ^ 
cyanide  of  potassium  is  said  to  possess  a  very  poisonous  action,  b*-^ 
this  is  due  not  to  the  molecule  KCN  as  such,  but  to  the  CK  lot^-^ 
which  forms  from  it  in  solution.     When  fcrrocyanide  of  potassdum  \^ 
dissolved,  on  the  other  hand,  no  CN  ion  is  formed,  the  salt  dissociat-^ 
ing  into  the  K  and  Fe  (CN)g  ions,  and  ferrocyanide  of  potash  is  there^ 
fore  entirely  devoid  of  the  cyanide  action.      In   the  same  way  the 
corrosive  effects  of  potassium  or  sodium  hydrate  are  not  due  to  the 
potassium  or  sodium,  but  to  the  liydroxyl  ions  (HO),  for  the  same  K 
or  Na  ions  are  obtained  when  KCl  or  NaCl  is  dissolved,  but  neither 
of  these  is  corrosive.     Thus  when  a  dissociable  body  is  administered, 
not  one,  but  two,  separate  agents  are  put  in  action  in  the  tissues,  and 
in  describing  the  effects  of  one  of  these  dissociable  bodies,  the  effects 
of  each  ion  have  to  be  taken  into  consideration.      In   the  organic 
materia  medica,  many  such  substances  occur,  but  in  the  great  majority 
of  them  the  action  of  one  ion  is  so  much  more  powerful  than  that  of 
the  other  that  the  less  important  one  may  be  neglected.     Thus,  mor- 
phine sulphate  in  the  body  exists  as  a  morphine  and  a  sulphate  ion, 
but  the  action  of  morphine  is  so  much  the  more  powerful  that  the  sul- 
phate ion  may  be  left  out  of  account.     This  is  shown  by  the  fact  that 
morphine  hydrochlorate,  whicli  is  dissociated  into  morphine  and  chlo- 
ride ions,  has  practically  the  same  action  as  morphine  sulphate.     In 
the  Rimic  way  the  positive  ion  (Na,  K,  etc.)  of  the  cyanides  may  be 
neglected,  because  the  negative  CN  ion  is  so  poisonous  that  the  posi- 
tive ion  can  never  be  present  in  the  tissues  in  sufficient  quantity  to 
elicit  any  action. 

When,  however,  less  poisonous  substances  are  involved,  the  case  is 
quite  different.  Thus,  although  the  hydrobromate  and  the  sulphate 
of  mori)iiine  may  be  described  as  possessing  the  same  action,  because 
the  morphine  ion  alone  is  taken  into  account,  the  sulphate  and  brom- 
ide of  jx)tassium  induce  quite  different  symptoms,*  because  here  larger 

*  These  ions  are  not  to  be  confuaed  with  atoms  of  potassium  and  chlorine  for  they 
possess  none  of  tlie  chemical  propcrtie.s  of  these  elements  ;  the  phvaical  difference  con* 
n\&lH  hi  each  iun  being  charged  with  a  burden  of  electricity,  pottitive  or  negatiTe. 

^  Even  at  the  present  day  it  is  sometimeo  a  matter  of  dltcuasion  whether  the  bases  or 
the  acids  are  the  determining  factors  in  the  action  of  the  tmlts  of  the  alkalies.  The 
question  depends  entirely  upon  which  salts  are  compared.     If  chloride  of  sodiam  and 
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naniities  can  bo  OflmlDistercd,  und  the  SO,  and  Br  ions  are  present 
iswtficient  qimntitierf  to  elicit  their  sjx'citic  wition,  which  is  quite  as 
ii|KirUut  UH  that  of  tlie  K  ion. 

lu  this  connection  it  is  to  Ix:  noted  that  many  bodies  are  not  disso- 
iiefl.  For  example,  potasli,  KHO,  and  alcohol,  C\H^HO,  both  con- 
Ud  ho,  but  in  the  iormcr  the  hydpoxyl  is  dissociated  in  water, 
liile  the  latter  remains  undissociated.  Thus,  when  KliO  ooraes  in 
mit-act  with  a  ranc^ius  membrane,  the  molecule  doe^  not  act  as  such, 
Ql  tfio  effects  are  due  tu  the  HO  ioii,  and  to  a  less  extent,  to  the  K 
«.    On  the  other  hand,  alcofiol  acts  as  a  molecule,  and  the  caustic 

ccts  of  the  HO  ion  are  not  obsen'nl  under  it.  A  similar  contrast  is 
Rrred  by  the  i-tTects  of  the  dissociable  K13r  and  broraated  camphor, 
hioh  is  not  di:!k'4oeiMbU?  but  acts  as  an  entire  molecule.  It  is  therefore 
ftin  to  expect  the  brorai<)c  acrtiou  from  this  <r<)m{K>und,  for  the  bromides 
ct  fp^io  the  presence  of  the  bromide  ion,  which  is  not  formed  from 
konobromated  c:imphor. 

Tbis  renders  the  cliissiHeation  of  the  inorganic  salts  a  matter  of 
jme  ditfioulty,  for  it  is  necessary  to  <:^)nsider  the  action  of  each  ion 
lotw?,  and  tlien  to  fiu<l  liow  far  its  elfeets  are  m<Klified  by  the  presence 
fthe  other  ion  with  which  it  is  associated  in  the  molecule.  It  is 
ly  illoo;ieal  to  consider  imder  a  "potassium  series"  all  the 
of  potash,  f<»r  in  many  of  these  the  K  ion  is  of  uo  importance, 

ile  in  others  it  is  the  chief  factor. 

The  ctfei^ts  of  an  ion  fannot  be  determined  except  by  administering 

along  with  another  in  the  form  of  a  salt,  but  certain  ions  are  so  inao- 
Ive  in  the  tissues  that  if  any  effect  is  noted  after  a  cornpoiin*!  of 

liich  they  form  part,  tiie  action  can  l)e  ascribed  with  certainly  to  the 
Kfaer  inn,  unless  the  changt*  arises  from  alteration  of  the  physicid  prnp- 

iesof  the  fluids.     For  example,  the  sodium  ion  (Na)  and  the  chloride 

I  (CI)  lire  both  practically  inert,  except  in  so  far  as  they  chuny!;e  the 
■Mic  pressure.  Thus,  if  a  sodium  sjdt  or  a  chloride  be  found  to 
HpSRome  rhant^e  which  is  not  due  to  the  physical  alteration,  the  ac- 
■on  15  attributed  to  the  other  ion  of  the  molecule.  Before  entering 
loilie  study  of  the  action  on  the  ions,  hnwcvL'r,  it  is  obviously  nect^- 
toy  to  learn  the  symptoms  caused  by  alteration  of  the  physical  prop- 
iWi(D(  of  the  fluids,  and  this  can  best  be  done  by  exaraininjf  the  efft'cts 
•f  boilies  whicli  act  only  in  this  way,  namely,  chloride  of  sodium  and 
»*ter. 
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of  pot&flli  be  compiLrefl,  the  dctorminini;  ftiotor  is  the  luuc.  but  if  a  chloride 
ijTUtiae  be  in  qnt-^-iliun,  ilie  busc  with  wliich  they  are  combined  js  practically  of 
mce. 
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such,  but  are  largely  dissociated  into  two  or  more  If 
positive  and  negative  electricity.     Thus  if  a  small  ^.  ; 
clilorid(^  l>e  dissolved  in  water,  it  is  dissociated  ;' 
(Kation)  and  a  negative  CI  ion  (Anion).*     Siir 
dissolved  in  water  exists  as  two  Na  ions  and  ' 
etleot  of  tliis  is  that  the  osmotic  pressure  =;.; 
diverges  eonsiderably  from  what  might  V    ' 
lated  iVoni  the  number  of  molecules  prr 
exerts  the  same  osmotic  pressure  as  a  v   ■ 

portant  i'act  is  that  the  ions  of  a  salt  -     '  ui    ■  i     f 

cheraieal  combinations,  and  thus  '.  ehlondeof 

Thus  what  is  known  as  the  actio-  ^J'''  *"  ^he  body, 

not  of  the  molecule  as  a  whole, '  '  ■  ""*!,  chloride  ions 

cyanide  of  iwtassium  is  said  '"«'^  ''^  ^'^^  '>"*»>'.    The 

this  is  due  not  to  the  mol  .  alteration  in  the  physical 

wliieh  forms  from  it  in  so'     .      '  ''^"t^  »»  **^^-^*««  '*^  '»   '»"^»ted 

dissolved,  on  the  other  h  ■  ■*■  «**t»<^"  ''^  '^'^"'^^^'^  ^^  <^"«-^  ""*>' «« 

ing  into  the  K  and  Fe  -    ■  .^seuiiig  their  osmotic  pressure,  and 

fore  entirely  devoid      '  .oug  with  that  of  salt, 

corrosive  effects  of  '*^"  *''^»"ii'»*"<l  "»  regard  to  this  i>oint  have 

potassium  or  sodi»  '  ^'*  *''*'  ^'^  *""^  *^^**  ^'^  '**"*"^»  ^"^  *"  every  case 
or  Na  ions  are  '  ■'"'■  '*^  resistanet'  ottered  so  that  tlie  presence  of 
of  these  is  cor  •""^'  **  ^'^'^^  always  prevents  its  free  ditfusi<ui  into  the 
not  one  but  ^^l"'"*  eldoritle  solution  exerts  osmotic  pressure  on  the 
in  describir  ..>'"''""  ^^*^'*J^ht  of  (roiiimon  salt  being  small,  the  osmotic 
of  each  '  ■■i'^**'  '*^'  '*^  '"'^  greater  tiian  tliosc  induced  by  an  equal 
materia  "  J<vit  other  salts,  l)eeause  a  larger  number  of  molecules  ex- 
of  the  ■  ^'niinrnc.  Ft  m1s<»  tlissoeiates  into  its  two  ions  more  readily 
the  f  r,i- (itlu'i'-=,  iind  this  lends  it  still  greater  osmotic  jKiwer. 
nh'  ,i(i(i"*"  t'XJi'npl*'  *^f  the  osnn>tie  acti<m  of  salt  is  seen  in  its  use 
b  '-Irve  meats  iVinn  putrefaeti(tn,  which  it  accomplishes  by  with* 
■"■■"■„c'  th»'  Huids  of  the  meat,  and  thus' rendering  it  dry  and   hard 

.■^'ij„i(Mtnbh^  t'fir  the  growth  of  microbes. 

■'■jii  ilie  same  way  the  Ked  Blood  Corpuscles  slirink  in  size  when  tlwy 

.  iihieed  in  a  s()hition  of  salt  wiiieh  is  stntnger  than  the  blood-]>la.'-mu 

Vnci'timie),  iM'cause  the  water  is  withdrawn  from  them.      In  dilute 

i/ivpotoiiic)  solution,  i)n  tin-  other  liami,  or  in  water,  they  swell  up  l>e- 

t-ilise  they  absorb  water,  while  in  solutions  of  the  same  osmotic  pres- 

jiiire  as  tli<^  jdasiua  (isot4>nie)  they  remain   unaltered  in  size.      AVhen 

water  is  al»sorbed  into  the  t-orpuselcs  some  obscure  change  takes  place 

in  them,  and  the  iMomoglobin  diffuses  into  the  surnuiuding  litpiid. 

Muscle  is  atVerted  in  a  similar  way,  strong  salt  solutions  withdrawing 
fluid  (Voin  it,  wiiile  weaker  ones  are  al)S(trbed,  and  l)oth  tend  to  destroy 
its  vitnlity  in  a  longer  or  shorter  time.  In  isotonic  salt  stdution,  on 
the  other  hand,  muscle  preserves  its  irritability  for  many  hours. 
Strong  salt  solutions  irritate  exposed  Nerves  frcmi  the  withdrawal  of 
their  fluiil  contents,  and  on  the  other  baud,  distilled  water  is  ecjually 
fatal  to  tliem. 
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chain^fs  urc  uinIoiibloiJIy  due  to  tho  Imperrect  permeability  of  the 
by  the  aodiuin  uikI  cUloridu  ions,  uutl  uu  ni'gurd.s  ilio  rod  bluod  cor* 
le-«,  it  i^  doHiiitely  kuuwn  that  suit  pttuetmU^  tlioiii  with  tiic  >p*eatest 
!uUy,ir  at  all.  iind  the  ohant;i«  induoed  in  them  by  salutiuuii  ut'diUL-iL'nt 
eulration  aud  by  wiiter  are  due  to  (he  altt+mtion  of  thitJr  lliiid  contents 
If  this  were  true  for  uU  oells,  ihe  iBotouiu  soLutiuu  would  preserve 
a  in  a  normal  <;oiiditioa  until  ibey  slowly  pvriiilied  fur  want  of  oxygea 
from  uxhuascioa  of  th^dr  reserve  of  food.  But  thii;  Ih  I'ound  not  to  be 
cose,  for  rattsi'le  suspondod  in  i.Hotonio  Holution  often  deveJopa  ti  mure  or 
rhytliiniciil  aeries  of  contractions,  whilt*  the  frog'r*  Iieurt  cwww  to  beat 
\T  a  time  whon  it  U  perfn^ed  with  ii^ot-onlu  i^alt  Holutiou,  although  it  has 
.oxhausloJ  it*  energy  entirely.  Simihirly  some  ova  iind  fish  living  tnaca 
r  die  if  they  are  put  in  a  solution  of  sodium  chloride  isotonic  with  sea 
Utfr  white  they  live  mu<'h  longer  in  di:^tillcd  watvr.  It  is  olmoua  ttuit  in 
Instance^^  no  ch:^ng^  in  the  distribution  of  tJio  HiildH  fan  occur,  for  the 
tic  ppo^'^nre  of  the  fluid  is  uuoh;ing<;*d.  In  otln-r  words  tlic  death  of 
MaaifoaU  in  pure  salt  solution  is  duu  not  to  the  physical  action  of  the 
I  (sUl  a«*ti'^tn),  but  to  the  scMlinni  ion  excrt'if»ing  a  dolcterifiuB  effect  on 
L  Tiiis  ileU'lorioua  action  may  ho  neutraliziKl  by  the  addiljon  of  tnu-pn 
«lt*  of  calcium  or  of  eonio  other  Invalcnt  elt'iiienls,  while  the  monovalent 
lion*  have  !*•»>  antagonistic  effect.'*  (Loch),  In  the  mittiral  cnvironiiii'iit  of 
rinir  cell*  both  sodium  and  calcium  are  i)rc,»ent,  so  that  the  toxic  eflect  of 
^ani  )f*v  Calciumi  can  Fcareely  he  observed  except  when  Muall  majwcj* 
tiffiic  HTi!'  Ihoningbly  WH^hcd  with  wull  mihitii^n  ;  its  far  im  the  higher  animals 
H-niicerni-'d^  then,  salt  may  la-  repinlcd  na  indifferent  in  itst'lf  and  as  acting 
)y  through  chim^nnfr  the  <li;^tribiition  of  the  fluids.  And  us  isotooic  BolutiunB 
i»c  on  oMiiotic  action,  they  an*  entirely  inert. 

VTaltT  or  very  dilute  salt  solutions  penetrate  into  the  su|>erficial  oelb 

'tht^  Skin«  which  therefore  become  swollen  luui  HofteiuHl.     Coneen- 

raleil  ijolatior^  on  the  tdlier  haiul   ratLer  tend  kt  draw  Huid  Irotu  the 

BWfiice  celU,  and  this  abmg  with  the  passage  of  salt  into  them,  causes 

fc*ni«  raiid  irritjition.      Neither  salt  nor  water  is  ab.sorbed  into  the  cir- 

eolation  throati;h  the  skin  in  mammals.      A  much  greater  absorption 

™o  the  superHcinl  tissues  oceurs  on  less  protccteil  jmrts,  sucdt  as  the 

cornea,  which  becoraed   white  and  clouded  when  stroiijr  .salt  solutions 

■**  applied  to  it.     Similarly,  either  purf  wat-t^r  or  strong  ^alt  solution 

citLv*s  ooa<ideral)lc   pain    and    smarting   in   ttie   iiru^al    p:i?wngi'Sj  or  in 

*'unds,  from  tlic  disturbance  of  tiic  imrniul  relation  of  salt  and  fluid 

."*e  SQrlace  cells.     Isotonic  solutions  on  the  other  hund  cause  no 
tin. 

^  ^*ejfaath  salt  has  a  characteristic  taste,  and  strong  solutions  act 
'^■^nt^  liere  and   in   tlic   throat.      In   the  Stomach  it,s  action  is 


•     "^Z/  liLcG  that  on  other  mucous  membranes,  hypotonic  solutiontu 

^^f-fV/ing,  while  hypertonic  solntinns  cause  a  withdrawal  of  fluid 

^Ufcif^H  "'"  *^**^  c(*llrt.      This  withdrawal  of  fluid  and  imbibition 

^  ?^f' -^^?t    lip  such  irritatiiui  as  to  induce  voniitiuj^. 

.'jpl^C-#<^u    in  the  stomnrh  does  not  always  seem  to  be  improved 

.^^      :^x>od,  for  even  small  quantities  have  been  found  to  lessen 

^ Kk^    tlie  gastric  juice,  and  the  amount  of  alUumiuous  food  ab- 

*''*    rf-/^*?'    alimentary  canal   in  animals  is  Hut  little  altered  when 

•^        <r^<^->       tho  food.      It   is  very  possilde,  however,  tliat  a  small 

4£»^  ^     •»«  the  food  renders  it  more  palatable  in  many  iustanceai, 
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and  thus  increases  the  rvAvx  flow  of  the  ga&irtc  jiitoe.  (CVim|NU«  Biitm, 
page  56.)  Dapper  tiuds  that  the  hydnwhioric  acid  of  the  stnnindi  is 
increased  in  some  pcr^ons^f  and  dliuinit^hed  in  otiiers  by  miaeral  ynutu 
containing  oominon  sail  as  their  chief  ingrcHiont.  This  h  unh  lobr 
exphiined  by  supjKisiug  tliat  these  waters  have  no  effect  on  the  score- 
tion  directly,  but  aher  it  by  changing  tlie  luitriiion  of  the  gislric 
mucous  membrane. 

Salt  solutions  are  Absorbed  bo(h  in  the  fstamach  and  lK>we1J  ' ' 
siderable  difference  of  opinion  exists  as  to  the  uieaug  by  whirl 
accomplished.  An  attempt  has  been  made  to  exploin  absorption  b; 
the  action  of  the  known  physical  processes,  such  as  diffusion,  o*mm 
and  tiltration,  but  these  seem  quite  inadequate  without  the  nBE^imifitimi 
timt  there  is  a  con^itant  tendency  for  fluids  and  for  si*mv  wihs.  Ui  \a!« 
inwards  from  the  limien  of  the  bowel  and  stomacJi.  Thi*  tfodcDry 
may  be  oppose*!  or  strengthened  by  the  osmotic  pressure.  Thu.s  hvpo- 
tonic  solutions  and  water  are  absort>ed  nipidly,  lie<uiuse  here  not  iietr 
is  the  natural  flow  inwards,  but  the  osmotic  current  is  in  the  mm 
direction,  the  fluid  l>cing  of  lower  oBmolic  pressure  than  tlic  hlcwl 
serum  ;  but  even  pure  water  ap|>eiir.s  uot  to  b»;  aV)tirtrbed  tn>m  (fif 
stomach  until  it  has  ai.^quircd  a  certain  content  of  salts  whir!. 
into  it  from  the  bhxxl.  In  solutions  of  equal  osmotic  presMu.  •" 
the  blood  serum  the  ab,sorplinn  is  slower,  because  here  the  natural  flow 
alone  is  active,  while  hyj»ertonic  s4)lutions  are  still  more  slnwly  absorM 
or  may  even  be  increaised  at  first,  because  the  osmotic  presMire  art*  in 
the  opposite  direction  from  the  natural  flow.  Accordingly,  while  livpo- 
tonic  and  isotonic  solutions  disap]>ejir  nipidly,  the  absorjition  of  tbe 
stronger  solutions  may  be  preceded  by  a  peri*xl  in  which  the  fluid  of 
tlie  bowel  actually  increases,  water  diffusing  into  it  from  ihc  bliwi. 
At  the  same  time  the  salt  is  beinj^  abstirbed,  an<l  the  solution  eveutu»llT 
becomes  isotonic,  and  is  nlisorbeil.  The  absorption  from  the  Ixiweli* 
very  similar  to  that  de8cril»e<l  by  Hofmeister  in  gelatine  plato,  artdit 


is  possible  that  tho  unexplained  tendency  fcir  fluids  t(»  pas*  inwa 


nil 
may  Iw  due  to  some  **  affinity"  between  the  salts  and  the  colloids  of 
the  iKiwt'l  wall. 

The  Blood  and  Ljrmph  are  in  turn  affected  by  these  processes.  ^Vlw■Jl 
hypotonic  solutions  pass  into  the  blood  fnmi  the  bowel,  the  pMitortioo 
of  solids  and  liquid  is*  of  course  changed,  and  fewer  forpuscles  ami  1** 
solid  matter  are  found  in  the  cubic  niillinietre  than  normally  ilivln- 
mia).  On  tlie  other  hand,  when  strong  salt  sttliitions  in  tin'  Ni^"' 
cause  the  effusion  of  fluid,  the  blood  becomes  more  concentraicii  ''■" 
in  orrlinary  conditions.  After  the  reabsorption  of  the  fluid,  tin*  mfniiftl 
balance  of  plasma  and  corpuscles  must  be  restored,  and  to  cifff^  t'*'* 
currents  ai*e  set  up  between  tho  Ijlrwid  and  the  fluid  of  the  Kiirn  ' 
lymph.  These  currents  have  l)een  iuvestiguted  by  the  injecticii  i 
»f»lutions  directly  into  the  blood,  and  not  by  their  absorption  from  ti* 
bowel,  but  the  proersses  prolmbly  resemble  each  otht-r  in  their  chin 
features.  When  the  bloo<l  is  rendered  hypertonic  i»y  the  trijff^tioii 
of  stronffiif^t^liitiou,  the  Kmph  at  once  '      '  .    .  t  j 
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if  at  all.   and  Uio  «*»"5f  "^""^ 
uion  and   bv  water  «f«aae  1«  Jfcf 
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Lpaly.     If  tUi:3  were 
thpm  in  a  normu.1    <- -  ^^ 

,a"|  fmin  exhaustion  oi    "^-J"-  "T" 

die  if  they  are    p»it    »°  *  •~?^  •^ 
iW^r  «-hile  they  live  xntxrh  '""yr?; 

SSic  prepare    of  «^»»^,,^^^  "  "j^Tf  *     ^ 
SSTftniiiwl*  in  pure  «*lt    soliit.«i  »4oe>A  to 

iUn      Thi*  aeIeiori«>ti*   *cttoa  my  be 

;.      f  , -l.-liim    IT  i.f  some  ollirr  bn^kart 

«!!•  iK.th  ^idium   and  <*»«»* 

,^.    <'aiKium>   <^«>  ."'J'^J   "*f 

le  .irr  lh..nHijrbly  ««*^'''*;  "JSL 
m<^-rnwl    tV..  n,  ^U    ti««>  *'*'  repirted  at 

t^t.  rl  iheya««rtiHyi«t. 

Water  or  verj'  di>"*«  *^*  soluiiona  pn^ate  into  tbe  sopediei.]  oelk 
ftbt-  Skin,  which    th.reforu  become  vmJkm  mod  «Jl«»«L     Coooen- 
solutions  on  the  other  baml  nOter  tend  io  dnw  fluid  frooi  Uie 
celU,  anJ  this  alon^  wilh  the  paaaa^  of  nit  into  tiiem,  catiaes 
miUl  irritution.      Noithtr  saU  nor  water  is  abdotbed  into  the  cir- 
^btirMi  ihrtnieh    the   skiu   in   mammals.     A  mudi  greater  absorption 
into  thi*  iiupc-rficTtftl  ti.<HUcs  oaiir^  on  leas  proteeted  parts,  such  as  the 
^^M.  which  b^Hjom.-s   white  ainJ  ciouded  whm  strong  salt  solutions 
_       lied  to  it.      Similarly,  either  pure  water  ur  ^roi^  salt  sohitiou 
Zs^  oou'^idiTahle   pain    and    smarting  in  the  na«il   passages,  or  in 
wtmwL},  fn«n  thn  disturl>ance  of  thf  normal  relaiiou  of  salt  aod  rtuiii 
in  the  surface  ccUa.     lH*>tonic  solutions  on  tiie  other  hand  cause  no 
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In  the  Mouth  salt  has  a  characteristic  taste,  and  strong  solutions  act 
M  a-arini^cnts  hen-  and  in  the  thnwl.  In  the  Stomach  its  action  ia 
xer\  much  like  thnt  on  other  miuvms  nienibi-aue-i,  hyprjtonic  solutions 
fitting  -^oUinjr,  while  hypertonic  solutions  cause  a  withdrawal  of  fluid 
and  a  shrinking  of  the  cdU.  This  withdrawal  of  fluid  and  imbibition 
of  stlt  mav  ^ii  »V  ^^^'^  irritation  as  to  induce  vomiting. 

Tbr  dij^-^tiou  in  thf  stomach  does  not  always  S4?om  to  k*  improve<l 
bv  i*alt  in  the  ftwd,  for  even  small  quantities  have  l)een  found  to  lessen 
thff  acidity  of  the  Rastrio  juioe,  and  the  amount  of  ulhnminons  fi)od  nb- 
^Otbed  fiiyni  the  alimentary  c^nal  in  animals  is  but  little  alier*>d  when 
ah  »  addetl  to  the  f.xxl.  It  is  very  pos.sil>lc,  however,  that  a  small 
qiMOtity  of  salt  in  the  food  renders  it  more  palatable  in  many  instance*^ 
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n<:»*  only  hy  a  reflex  fn>m  the  mouth,  but  also  because  some  uf  the 
i&     excreted  by  the  sjiHvary  glands. 

^V hen  very  larjre  amounts  of  isotonic  salt   solution  are  thrown  into 
iVie  bhx)d,  the  organism  may  have  difficulty   in  excreting  it  rj|)i<llv 
onough,  and  the  tissues  arc  therefore  found  to  be  swollen  and  ocdeiitt- 
loiis  in  some  parts  of  the  lx>dy. 

When  salt  solution  is  injected  into  the  semus  cavities  or  inU)  the 
lyniph  spaces,  absorption  occurs  in  the  same  way  as  from  thealimeniarr 
canul,  except  tliat  in  the  ease  of  the  serous  cavities  <^mosis  .Htm-*  to 
play  a  greater,  and  the  other  forces  a  smaller  r6le,  than  in  the  stomach 
and  intestine, 

Tlie  administration  of  larpe  quantities  of  fluid,  either  as  water  or 
as  dilute  s;dt  sohition,  might  be  expected  to  have  some  cffirt  on  tlw 
^^neral  Tissue  Change,  throufjh  the  increased  movement  of  the  hinnh 
fluHJiinj^  out  the  cells  and  leading  to  a  more  complete  removal  of  the 
waste  prLKluets.  As  a  matter  of  fact,  some  increase  in  the  nilnigfn 
and  siil|>luir  eliminatwl  in  the  urine  has  been  observed  under  the  «w 
of  large  {|Uantities  of  water,  but  it  is  impossible  to  estimate  at  i^ 
how  far  this  may  be  due  to  the  diuresis  nlone  ;  in  anv  case  the  ii 
is  not  by  :uiy  meau.s  nn  large  as  is  often  believed,  as  i't  only  amounts  to 
8<mio  o  per  ^-ent,,  or  less.  Any  salt  solution  causing  an  acceleration  in 
the  movemont  of  the  Hinds  of  tlie  body  must  tend  to  facilitate  tJw 
excretion  of  the  waste  priKlucts  in  the  same  wav,  but  some  rwftnl 
investigations  indicate  that  Ju  additio!!  salt  tends  to  k^ssen  the  prottitl 
metabolism  tlimngh  acting  dlroctly  on  the  cells  ;  this  action  is  so  slielii, 
however,  thiU  the  resulting  fall  in  the  nitrogen  eliminated  is  e<»n(valt«i 
l^y  the  increase  caused  by  the  more  compiete  flushing  and  dinrx^is. 
The  amniuil  (tf  proteitls  and  fats  absorbed  from  the  alimenlarv  trad 
d*>es  not  a|i|H-iu'  to  be  alteretl  by  the  administration  of  large  aiuouiiU 
of  water  (Edsall).  " 

Stronji  Hull  solutions  injected  into  animals  cither  hj^podermioallv  or  iiilni- 
venoiisly  pom*  times  prove  Tatal,  apparently  from  the  withdrawal  of  Uui'l 
froui  the  ct'iilnil  n(»rvoiis  Kystpm.  The  Hj-niptoms  in  mammaU  are  incnaif- 
inp  liissiluik-  mitl  Wfuknt-ds,  with  uugmontA.'d  roltex  exoilability,  tremors,  antl 
finiilly  f  onviilsitiiis.  The  circulation  is  only  slightly  aHectcMl  until  jusi  ' 
dentil,  when  thr  lihMifi-prcssure  U\]U  suddenly.  The  red  blood  ct.i 
found  to  ho  iiuich  shninkfn,  and  aoeoifling  to  Heinz,  form  thrond^l  in  nmoj 
X'essels.  HiLUKirrlui^fs  are  found  in  dilferent  orj^ans,  the  Um^  are  oideoW" 
tous,  and  the  intestinal  mueous  membrane  is  ewoUen  aud  congested.  ~ 

The  Salts  of  the  Urine  are  increased  hy  diuresis  from  anv  cautse 
has  been  stated  ;  bolh  sodium  and  potassium  are  augmenteij  but  t»\ 
eially  the  sodium  which  is  present  in  larger  proportions  in  the  set 
and  therefore  forms  u  larger  constituent  of  the  glomerular  s<X'reti 
This  increase  in  the  sodium  salts  is  of  course  particularly  marked  wl 
diuresis  is  induced  by  eonmion  salt,  but  when  potassium  sails  in( 
the  urine,  the  sodimn  also  generally  predominates  in  it  and  this  woi 
eventunllv  lead  t<'  *'**^  ^^^  of  all  the  sodium  in  the  blotxl  of  herijiv« 
whose  food  contaiii'^  ^^^S^  quantities  of  pot:issium ;  but  after  a 
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provemont  in  the  circulation  follows,  and  this  has  given  rise  to  the 
ocou:^  uptniou  that  ;iuch  buIido  infusions  stimulate  the  heart  directly 
well  as  by  the  mechanical  effect  of  the  increase  in  the  fluids  of  the 
y;  this  theory  has  led  to  infusions  being  made  in  weakness  of 
rt  fn>m  otljer  causes  than  hujtnorrhage.  Some  of  the  syrap- 
of  cholera  are  believed  to  be  due  to  the  loss  of  fluid,  and  these 
said  to  l)e  relieved  by  the  injection  of  salt  solutions,  though  the 
ortality  dfxia  not  seem  materially  altered.  The  intravenous  and  sub- 
Ranons  injection  of  salt  Milution  lias  l}een  recommended  in  nra>mia 
k1  himilar  intoxications,  with  the  idea  of  washing  out  the  poisons 
trough  llie  kidneys  ;  the  same  results  can  often  be  obtained  by  drink- 
large  quantiticJj  of  water.  There  is  still  some  question  as  to  whether 
iofusion  of  salt  bolution  is  really  remedial  in  loss  of  bIoo<l,  and  the 
t  investigator  of  the  matter,  Feis,  comes  to  the  conclusion  that  it 
of  little  or  uo  benetit.  The  hyiMnlermic  injection  of  large  cjuantities 
iaotouic  salt  s<»lution  is  said  by  Biernucki  to  have  effects  which  only 
off  in  some  (J— H  days  in  animals.  The  blowl  was  at  first  much 
iluleil,  but  afterwards  became  very  concentrated  and  after  a  few  days 
winsiderabte  numU*r  of  the  red  cells  were  found  in  a  state  of  disin- 
Ipulon,  and  the  hiemoglobin  thus  liberated  was  distributed  through 
plasma  until  it  was  finally  excreted  in  tiic  urine.  The  animals 
d  Dot  seem  to  suffer  from  the  treatment,  but  his  results  indicate  that 
«  injection  of  large  *juantities  of  s:tlt  solutions  is  by  no  means  the 

lew  proceeding  which  it  is  generally  believed  to  be. 
Isotonic  salt  sob»tions  are  used  in  surgery  to  wash  out  the  peritoneal 
Civitjr,  which  would  be  injured  by  distilled  water. 

PUEPA  RATIONS. 

Mi  aaoridvm  (U.  S.  P.,  B.  T.},  common  salU 

J9»to(V.  .S.  v.). 

Mm  DettiUaia  (U.  8.  P.,  B,  P,). 

Biiu.iotaiArnv, 

BeeSalt-Action  (page  480)  and  S:iline  Cathartics. 
AhiffiAatn.     I'fliigcr's  Arch.,  xlix.,  p.  209;  Ivi.,  p.  /iTft. 
wda*;,  eto.      Jnurn.  nt   rhv.-sinl.,  xvi.,  xvii.,  xviil.,  I'n. 
tjiiufrii*.     Pflu^itT's  Arch.,  lii.,  IxiL,  liiii.     Virchow'it  Aivh.,  cxxxv.,  p.  514. 
ifeufW.    Joiini.  of  Physiiil..  six.,  p.  227. 
^i^.    PdufTcrV  Arch'.,  lix.,  y.  17a 
'.iwAffi*-     Anrh.  f.  eip.  Putli.  ii.  Phunn.,  xxv.,  p.  C9. 
ftwrr.    Ibid.,  xxii.^  p.  :t03. 
MdUuim.     Ibid.,  xxiv.,  p.  78. 
•■■f,     IbiiL,  xli.,  p.  74. 

"«t    Amer.  Joum.  of  Ph^rsiol.,  iii.,  pp.  327,  .H83,  434.     IMliigcVs  Ai-cb.,  Ixxxviii., 
►  «;  icvii.,  p.  3M. 
^^i     Ziwhr.  f.  Biol.,  xi.,  p.  554. 
"K^t    VirclK»w*»  Arch.,  cxxji.,  p.  100. 
J^^St.    Lehrt»orh  Jtr  phys.  ii.  path.  Cheiuie,  2d  ed.,  p,  107.     Ztachr.  t  Biolofrie. 

wivifL    7.(«.  f.  IcUn.  Med.,  xxii.,  p.  417. 

uilvi?.    (>ntralbl.  f.  inn.  Med.,  1890,  Nos.  45  and  40. 

^'Afr     Eigeb.  d.  Phyv,  iii.,  1.  p.  'iflH  (rneUilH.IiMii)- 
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FOM.      Viicbov'f  AlcL,  CXXXTUL,  p.  iSl 

Bwnuds.     Ztarhr.  L  kltn.  MetL,  xtz.,  SwL,  p.  49. 

StroMh,    Ztsciir.  f.  Bioloci^  xxxrii.,  p  SfT ;  xxxriii..  pL  637. 

ifayf  ■•  OtfttlwA.     Arck  1  exp.  PiUli.  a.  Phuv.,  xUv.  and  zlr. 

LaOorti.     Dntech.  Arch,  t  kUa.  MetL,  Ixir.,  p.  189. 

LeotfaAer.    MittbeiL  a.  J.  Grenzffebic«e,  vl»  p.  331. 

f^B/ur,  F^taiiT,  JidmiiL   IVpfferLaltoratorjBcvorts,  Philadelphia,  lOOO^pjiw  350^  M 

AoNOMb     Arch.  £.  exp.  Puki.  u.  Phami..  xivi.,  y,  1. 

IL    POTASSIUM  SALTS. 

The  effects  of  potassium  in  the  urganism  can  best  be  studied  by  ad- 
ministerinj;  the  chloride,  as  the  CI  ion  i?  practicallv  devoid  of  icdoa 
and  tlte  gyraptomti  induced  by  potassic  chloride  must  therefore  be  do* 
either  to  the  "  salt-action  "  or  to  the  potassium.  The  saltHictioa  od 
l>e  discountwl  by  romparinj^  the  symptoms  with  those  of  an  iwtoDic 
solution  of  sodium  chloride,  uud  when  this  is  done  it  i.s  found  that 
potassium  has  a  distinctly  poisonous  action,  which  is  chie^y  manifested 
in  deprei!«ion  of  the  central  nervous  system  aud  of  the  heart. 

In  the  frog  the  central  action  is  shown  by  the  spontaneous  mov^ 
ment.s  bwoming  weak  and  slowly  perf<trm«l,  and  by  their  coniplctdr 
disappearing:  much  earlier  than  in  Hodium  chloride  experinicntfi.  Is 
mammals  the  chief  nervous  symptoms  are  great  muscular  wii^akness aa<l 
apathy.  The  respiration  becomes  rapid  and  lai>ored,  probably  from 
the  aniemia  of  the  centres,  and  death  is  often  preceded  by  weak  af- 
phyxial  convulsions. 

The  depression  of  the  heart  is  shown  in  the  frog  by  weakness,  slov- 
ness  and  irregularity  when  chloride  of  potassium  is  injected  subrii- 
taneously,  but  is  more  clearly  demonsLrated  by  tlje  rapitl  failun*  of  an 
excised  heart  when  a  chloride  of  jxjtassi  urn  soluliou  is  perfused  thn'tigit 
it.  An  isotonic  bolution  of  common  salt  also  brings  the  bean  to  i-tflU'!' 
etill  after  a  time,  but  jwlassic  chloride  acts  very  much  more  quicfciy, 
and,  in  fact,  the  former  may  restore  the  heart  beat  after  it  has  boa 
8topi>ed  by  |)otassium,  which  proves  conclusively  that  the  latter  hjb« 
fi|>cciiic  |>oiwonous  action  iu  addition  to  any  salt-action.  Ktti^T,  bon- 
ever,  found  that  the  l>eat  of  the  frog's  heart  perfused  with  a  fcoluticn 
of  common  salt  was  mtt  so  satisfactory  as  that  of  one  |>erfuHHi  tti'l" 
the  same  srjiution  to  which  some  potassic  salt  had  been  addetl,  becauE^t 
as  has  been  already  mentioned,  the  proteids  of  the  heart  nuist  wdWD 
potassium^  and  when  this  is  substituted  by  s<xliiim,  a.<  i;*  the  ca.-¥^bm 
there  is  no  ixjtassium  in  the  perfusion  fluid,  the  muscle  becomes  ^ 
capable  of  normal  contraction.      (See  Calcium.) 

The  mammaliau  heart  is  also  injured  by  the  action  of  potsseJiU' 
when  the  salt  is  udministered  in  large  quantities,  as  is  shown  by  W* 
pulse  l>ec<miiug  much  slower  and  weaker  and  by  a  sudden  fall  of  hb'd' 
pressure ;  an  accelerati(m  of  the  pulse  is  often  obsen'ed  at  first.  Tbc 
poisonous  action  of  pntash  on  the  heart  has  given  rise  to  cxaggcmlw 
.apprehensions  of  the  danger  of  using  its  salts  in  them}>eutic«,  andit 
noted  that  potassiimi  has  practically  no  efti^t  on  ibc 
ff  til*'  slomac'h,  and  that  very  much  larger  quantiuc» 
daily  in  the  food  by  thousands  of  persons  than  are 
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er  presoribed  in  medicine.  Bunge  estimates  the  amniint  of  jxitash  in 
fwKl  of  some  classes  at  oO-loO  grms.  (lJ-3  oz.)  per  day.  The 
leence  of  effects  from  the  potiiKsium  ion  whrn  the  salte  are  taken  by 

?  mouth  is  due  to  their  rapid  cxt-rctioii  In  the  urine. 

The   faihire  of  the  lieart  is  the  cause  of  death  in  mammals  when 

ta&sium  siUts  are  inject<.*l  into  a  v^iu,  tlie  respiration  and  the  reflexes 
fien  jH»r>isting  for  a    few  mk^oikIs  afterwMrd.     Aivordinj;  t<i  Brann, 

ttns^iunj  wdt-  <'aiis«'  a  transient  contraetinn  of  the  vessel  wails  when 

ley  ure  injected  directly  into  tlie  artt-ries. 

Potaasiuu  bus  some  uct'iun  on  uium'Io  id  the  frug,  the  cuutmct'ton  bcemtpg 
I V  somewhat  ^n^<alcr  in  height,  though  shorter  in  lenKtb,  untl  there  beiug 
is  tendency  lo  ooninvrturf.     Mm^cle  exposed  in  a  solution  of  poluiwic  chlo- 
lidf  (lieri  very  much  sooner  I  ban  in  an  ii^utonie  ^^olution  ot' sodium  chloride. 

Chloride  of  potiush  htu*  ubo  sunic  deprcj<^iiil  uctiun  on  tlic  periphcml 
Ikrvds,  for  they  lose  their  irrHahility  rupidly  wJuii  they  iot  cx|tOi*cd  to  ita 
loluUotis.  A  concentrated  solutiou  applied  lo  an  exposed  nerve  causes  con- 
Inulionfl  of  the  muschis  which  are  Hupplu'd  hy  it,  Ittit  thtrsn  are  weaker 
ud  last  a  much  shorter  lime  than  lliost-  cliciLwl  !iy  a  similar  solution  of 
nmmou  salt.  Thii^  i.s  uxplaiut'd  hy  the  i]eprcs.>4iul  ucLiun  uf  the  putu&sium 
opjNvsing  ibe  irritation  whitrh  it  induces  throuj^h  its*  saU-acliou.  This  ettect 
thu  nt^rved  has  been  used  hy  Polil  lo  explain  a  eurlons  ohserviition  made 
hr  VothtiHgel,  who  found  that  a  Mtrunjf  Mdution  of  chloride  uf  sodium  a|>- 
pIW  to  the  peritoneal  surface  of  th4r  ral>}»ii's  iutestinc,  causes  a  local  con- 
trjotion,  followed  by  an  upwartl  peristaltic  wave,  while  a  similar  solution  of 
•  pot;LS^iuia  Halt  inducer  only  loc^ij  ennlnu-liou,  Pohl  supposes  that  in  the 
ciiBiif  the  sodium  sidt  the  peristaltic  wave  is  caused  by  nerve  stiimilatiou, 
while  the  potuj^^sium  depressus  the  ner\e  so  mudi  that  it  is  unahlu  lo  cany 
iIm)  iinpuUes,  and  the  contraction  therefore  remains  local. 

Tlie  absorption  of  x>otassiura  s:ilts  is  followe<l  hy  the  f^ame  ehanpes  in  the 
niiivem^'nt  of  the  ttaid.t  of  the  lK)dy  as  have  been  deseriW^I  in  the  ease  of 
Bodium  chloride  (page  489).  This  jtencrally  results  in  diuresis  with  an  iu- 
oitse  in  the  potassium  and  the  soilium  and  chloride  in  the  urine.  It  is  oll;en 
■totod  that  the  potassium  salts  induce  a  more  marked  increase  in  the  urine 
than  Ihosu  of  sodium,  hut  this  is  not  based  >pii  any  satisfactory  nieasuremcuts; 
Moiher  statement  which  requires  confirmutiun,  is  that  slronjf  solulions  of  po- 
tflffllc  chloride  are  more  irrilatinjf  to  the  stomucli  and  also  in  the  sul>cutane- 
omtiftiues,  than  those  of  sodium  chloride;  this  wouM  imlicate  that  potassium 
hiwaspeoifie  irritant  action  apart  from  its  salt  aei inn.  which  is  not  unlikely, 
ahhwgh  it  cannot  be  said  to  have  l)een  demonstrated  sutisiuetorily  as  yet. 

BlBLIOCJRAI'IIV. 

^bWi  Snli-aeiion  (p.  486)  and  Sodium  Chhtride  (p.  493) 


y.     l^tlfiReiV  Areh.,  iv..  p.  Xio.     Hiindhucli  der  i>liysiol.  ('hem.,  p.  107. 


J^tHu     Pafijftr's  .\rch.,  ciii .'  p.  47(j. 

*«rtifi.     .\iiiiT.  .hiijrn.  of  r*hv«i»jl.,  xi.,  p.  370. 

™i    Aivb.  f.  exp.  Path.  u.'Pharm.,  xxxiv.,  ij.  95. 

J^«iwtfS.      Ibid.,  xxiv.,  p.  342. 

*^}(9*.     See  the  biblioj^ruphy  jcivcn  under  ralciuui. 

Wt     CemralU.  f.  d.  mcd.  Wist*.,  181*2,  p.  304. 

Bnniffa  nnd  Cash.     Tliil.  Trans.  lioy.  .Si>c.,  1884,  Part  1,  p.  197. 

Lithitim,  Caesium,  Rubidium. 

lu  rpjtard  to  the  action  of  the  rarer  alkalies,  Lii  hium,  Cxsium  and  Rubid- 
unn,'  comparatively  little  is  known.     They  seem  to  have  some  elfcct  in  de- 

'Thesiill  rarer  metals  Yttrium,  Erbitim,  BcrvIIium,  nidvmium  and  l^ntlinniim 
fciTegcmxrcW  received  examination  exrepi  m  the  hands  of  Rriinlon  and  Cflsh,  and  are 
Sot  of  ntficieut  importance  lo  nxjuire  further  meniioa  here. 
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pressing  the  spinal  cord  in  Iho  frog^  but  it  is  uncertAin  uhether  thii  is,  UIci 
the  action  of  podiura  chloride,  merely  due  to  liie  presence  of  large  qti&nlltiei 
of  Bulls  in  Ibe  body,  or  whether  they  have  u  speiitio  action  on  tbc  ncrvectlti. 
Lithium  seems  to  have  some  further  dejiressnut  action  on  the  moier  ncre*. 
and  to  weiikeu  the  muscular  eoutructi<m.      It  ucli*  much  let*  poufrftsllyrui 
the  miimmaliiin  heart  Ibun  |>otaasium,  but  has  »oine  effect  in  weAk*  r 
Its  chief  eiUcl-s  are  exercised  in  the  ulimenlury  tmct,  for  gaslro-eiitt n^ 
exlmvasations  of  blood  into  Iho  btomueh  and  lM>wel  are  induced  bj  iuwb- 
cutaneous  or  intravenous  iiije<'tion  and  these  are  the  cause  of  denlh  lii  fnul 
poisoning  in  animals.     Such  violent  efleeta  are  les8  easily  elicited  by  lhc»d- 
ministnition  of  lithium  by  the  mouth,  though  vomiting  and  purgiiijii  InvrVm 
caused  in  animaU  by  tliis  mcth«»d  also,  and  disturbiuiec  of  the  aliuienf 
IwB  sometimes*  followed   lithium   trcaiuicnt  in  man.      Borne  of  the  !ii 
excreted  in  the  bowel,  urn]  in  this   renpetit  this  metal  appean^  to  form  ■> 
to  I'Otaetiium  and  HJ^Kliuiii  and  t4i  rcwmhle  mther  the  group  of  atkalitie  < 

Rubidium  (*eems  to  act  on  the  frog's  heart  and  on  muiKle  celU  in  mudk  Uw 
same  way  as  potji^^iuin. 

Cffiaiuni  reftemblcjf  lithium  in  cnumnp  inflammatory  reactions  in  the  iih 
tract,  leading  to  vomilinj;  and  diaiThnsi,  when  it  iis  injected  hypoikni  : 
when  large  doses  are  given  by  the  iiiuutb.     It  ic  partly  excreted  h\>m\^  thr  i.' 
mentary  tract  in  mammals.      In  the  frog  it  induces  wcakuew  of  the  ntii!«.lir''iu)(l 
paralysis. 
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m.     AMMONIUM. 
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Althouj^h  amruonium  is  not  a  metal,  its  behavior  iu  tbe  l)od5rcs™* 
bles  ill  many  point,s  that  of  the  fixp<l  ulkalios,  and  it  may  theivfoit 
Iw^st  he  studied  nloiijr  with  tficni.  The  onliuary  sfdiitions  of  amnmoiit 
and  tlie  gas  itscdf  aro  possessed  of  powerful  irritant  properties,  audits 
general  action  can  be  determined  only  hy  tbe  examination  of  tliorfof 
its  salts  ill  which,  as  in  aramonium  ehloride,  the  etfects  nf  the  anion 
can  be  negks.!ted.  The  action  of  chloride  of  ammonium  is  due  to  tbe 
sperifip  action  of  tbe  base  and  to  tlie  salt-action. 

Action.  —  Its  most  striking  eifect  is  tbc  stimulation  of  tJ»e  Cestfil 
Nervous  System,  wbirh  is  inthiccd  when  it  is  injected  snbcutaneously 
or  iutravenously.  Tbe  reflex  irritability  is  much  increaseil,  and  lliis 
may  be  followed  by  tetanic  convulsions  both  in  frogs  and  inamiruik- 
These  convulsions  persist  after  division  of  the  cervical  ppinal  con!  v*^ 
destruction  of  the  medidbi  obhmgjila  and  brain,  and  arc  evidently 
caused  by  changes  in  the  spinal  cord,  similar  to  those  met  vitli  '^ 
Btrv^chnino  ])ni«oning.  According  to  Yourinsky,  the  increased  n*tl** 
and  the  convulsions  arc  preceded  by  a  short  stage  of  depre.ssioD  iti  "* 
frog  and  pigeon,  but  this  depression  is  not  observed  wlien  the  parts*" 
the  oentral  nervous  system  above  the  cord  are  destroyeil  in  the  &og» 
or  when  the  cerebrum  is  removed  iu  the  pigeon.     He  hotcb  that  ^ 
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ilkalies  render  the  urine  le^a  add  or  even  alkaline,  ammonium  salts 
have  nn  such  effect,  because  they  arn  excreted  us  urea. 
In  birdrt  and  reptiles,  ammonia  is  appaR*ntly  excreted  as  uric  acid. 

The  Sabstituted  Ammonias  of  tiie  mottmue  Ferios,  such  as  mpihylumine, 

iii.i  -vOmo  of  those  of  the  aromatic  aories  reaeinble  mnruonia  in  their  m'nenil 

fleets,  but  the  stinmlaliou  of  the  central  nervous  system  is  not  often  so 

BArkcda  feature.     In  ^coneral  terran,  thor^e  (:omix»un<iB  in  which  one  hydro- 

(tea  fttom  \&  «ubB«titutt>(I.  tend  to  caUfie  greater  ner\-<»u»  8t)mulutiun  than  those 

in  which  two  or  three  Huch  Hubstitiitions  ore  modi*,  while  this  action  in  again 

mora  prominent  in  thot«o  in  which  four  ulkyl  ^oups  arc  combine*]  with  tho 

oitrufreD.     In  addition,  mfwt  of  thPAt^  compoimdK  seem  to  have  a  more  dcprea- 

not  nrtion  <»n  the  rentn\l  nervons  Bystcm  ftfterwanls  t)ian  itmmoniii,  and  they 

aIJ  lead  to  weaken  and  eventually  paruly/x  the  terminations  of  the  motor 

nerves. 

The  ammonium  hoftea  formed  from  the  natural  alkaloids  appear  to  bavo 
\am  acliuu  on  the  central  nervouB  system^  but  act  like  curara  on  the  termiua- 
tfaras  of  the  motor  nerves.     (See  page  260.) 

Preparations, 

Amm<mii  Chioridum  (U.  8.  P.,  B.  P.)  (NH.Cl),  0.3-1  O.  (5-15  grs.),  In 
tolution. 

TVwcAwcr  Ammonii  CMoridi  (tJ,  S,  P.),  eaeh  containing  O.l  G.  (2  gra.)  of 
Bmmoniuiu  chloride  with  0.25  G.  (4  grs.)  of  liquorice  extract  and  some  syrup 
of  Tolii. 

Tkenpentic  Uses. — ^The  chloride  is  prescribed  chiefly  for  ita  effects 

on  the  respiratory  mucous  membranes,  and  h  a  very  common  eonstib- 

tient  of  expectorant  mixtures  tor  bronchitis  and  catarrh.     The  lozenge 

13  often  used  for  sore  throat,  an<l  chloride  of  ammonium  st>lutiou8  are 

i^oocasionally  inhaled  or  spntyetl  into  the  throat.      It  has  also  b<»on  pre- 

^boribcd  in  gastric  catan'h  with  benefit  in  some  cases,  but  whether  this 

^■j^oe  to  hs  acting  on   the  mucous  secretion,  or  to  its  increasing  the 

^^^Btty  nf  the  gastrin  juire  is  unknown. 

Ammonium  chloride  and  the  chloride  of  trimethylammonium  were  at 
.ODC  tituc  advised  in  rheumatism,  but  have  proved  uuelesa  in  this  disease. 
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On  the  action  of  substitnted  ammonias. 

Bntnion  and  Ca«A.     Phil.  Trans.  Roy.  Soc.,  188i,  i.,  ji.  187. 
Scbfithaiu     Arch.  f.  ezp.  Path.  u.  Pharm.,  xxxtl,  p.  45L 

IV.    BR0MIDK8. 

It  was  formerly  widely  believed  that  the  bromide^  bad  no  fbrther 
action  than  the  chlorides,  and  that  any  eiTecte  observed  from  potassium 
bromide  were  due  to  the  potassium  ion,  the  bmmide  k*Q  bong  indi^ 
ferent.  There  is  now  no  question,  however,  that  the  br<:«iiides  have 
distinctive  cfPeots,  for  the  bromides  of  |>otassiiim,  sodiam.  lithium,  and 
other  metals  induce  changes  in  the  central  nervous  system,  which  are 
not  elicited  by  the  chlorides.  At  the  same  time  the  bromide  action  is 
cf)rn|)arativcly  weak,  and  the  basic  part  of  the  salt  has  therefore  con- 
siderable influence  on  the  action. 

Symptoma. — The  bromide  of  potassium  is  the  salt  most  generally 
use<l,  and  its  action  has  l>ecn  more  carefully  described  than  that  of  the 
other  bromides. 

In  the  Alimentary  Tract  it  acts  in  the  same  way  as  the  chloride  of 
sodium,  |)ossessin^  a  bitter  salt  taste  and  inducing  salivation  and 
thirst,  and  in  large  quantities,  irritation  of  the  stomach,  nausea  and 
vomiting.  Occasi<jnaIly  diarrhoea  has  been  observed  from  concen- 
trated solutions  reaching  the  intestine. 

General  Symptoms.  —  Apart  from  these  results  of  local  irritation,  the 
first  symptom  is  oflen  a  dull,  heavy  headache,  with  a  feeling  of  lassi- 
tude, fatigue,  disinclination  for  exertion,  mental  or  physical,  and  often 
muscular  weakness.  Thought  is  slow  and  confused,  the  memory  is 
indistinct,  i<leas  are  put  into  words  with  difficulty  and  the  speech  is 
accordingly  slow  and  hesitating.  External  objects  and  movements  are 
perceived,  but  arouse  no  interest  in  the  patient,  and  very  oflen  this 
state  of  apathy  passes  into  drowsiness  and  sleep.  The  bromides,  how- 
ever, have  not  the  sleep-compelling  |X)wer  of  morphine  or  chloral,  and 
tiie  sleep  is  never  very  d(«p  and  is  not  refreshing,  the  patient  some- 
times feeling  dull  and  unfit  for  exertion  after  it,  and  some  mental  con- 
fusion often  i)er8isting  for  several  hours  afler  awaking.  The  reflexes 
are  much  depressed  by  large  doses  of  bromide,  so  that  touching  the 
back  of  the  throat  does  not  induce  nausea,  although  the  sensation  of 
touch  may  persist.  The  mucous  membranes  of  the  genito-urinary 
tract  are  also  less  sensitive,  or  rather  their  irritation  is  less  liable  to 
set  up  reflex  movements,  Afler  very  large  doses  of  the  bromides  the 
conjunctiva  may  sometimes  be  touched  without  causing  winking,  and 
]ess(>nc<l  sensation  in  the  skin  has  been  note<l  in  some  cases. 

The  pulse  is  slow  and  weak  after  large  doses  and  the  resptration  is 
also  less  active.     An  increase  in  the  urine  is  often  observed. 

Aeute  fatal  poisoning  with  bromides  has  seldom  or  never  occurred 
in  man,  l)ut  after  enormous  doses  prolonged  sleep  or  stupor  has  been 
Kcfii,  and  confusion  and  apathy  lasting  for  several  days. 

AVhen  bromide  is  given  reiwatedly  in  large  doses,  a  series  of  symp- 
toms is  often  induced  to  which  the  name  of  Bromiam  has  been  applied 
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1  occurs  rauch  more  rapidly  in  ai^iue  ]>eraoDH  tbin  in  othei«,  and  may 

niv  appear  after  tlie  patient  Juw  Iwen  taking  tlie  drug  for  months 

out  wiy  uutowani  results.     The  <v>mnion('ftt  gympioms  of  bromisra 

tkin  eruptiouji  of  various  kinds,  vury  often  rommtiuciug  as  acne  of 

face.     In  severe  cases  the  pustules  of  acne  may  walesce  and  form 

abfloessea,  which  are  followed  hy  ulcers.      In  other  cases  the  Bkia 

eotkon  partakes  rathcrof  tl»e  nature  of  a  localized  hlu.sh  or  erythema, 

times  ci»pper-colored  blotches  have  been  observed.     Some  illtt- 

of  the  dif/ttUion  and  losij  of  iipjM-tite  is  often  met  with  from  the 

action  of  large  quantities  \tf  the  sah  on  the  stomach.     Affections 

<if  the  rexpimtoi'if  jHtAHtujta  aix'  not  prodiKvii  so  often  l>v  the  I>n>raidtw 

by  the  iodides,  but  hnve  been  met  with  and  consist  in  an  increased 

of  mncuH  by  the  bronchial  and  nasal  epithelium.     The  nieninl 

arc  meri'Iy  exaggerations  of  those  observed  after  one  large 

The  niomory  is  e9|>ecially  defective,  sometimes  sudden  lapses 

rring,  sometimes  a  general  inability  t4»  remember  the  mfist  recent 

t0  being  met  with.     The  patient  is  indilTcrcDt  to  his  surroundings, 

slowly  and  stammers,  mispronounces  ordinary  wonls,  or  misses 

wc»nl3  out  of  a  sentence.     The  g:ut  is  uncertain  and  tremor 

acciimpanies  any  movement,  the  expression  of  the  face  is  stupid 

apathetic,  and  the  eyes  are  lieavy  and  lack  lustre. 

These  symptoms  generally  disappear  on  the  withdrawul  of  the  drug, 

lit  in  hi,s  nnlnctMl  condition  the  patient  is  of  course  liable  to  fall  a 

ictim   to   infectious   disease,   and   in   a  numU'r  of  cases   of  chronic 

broaii<Ie  poisoning  the  immediate  cause  of  death  has  been  ud  attack 

<if  bruncbilis  or  pneumonia. 

Action.  — The  effeels  of  the  bromides  on  animals  have  been  the  sub- 
ject of  a  larp'  numlM*r  of  researches,  but  these  have  not  been  attende<l 
lib  succi^s  in  most  cases,  because  the  investigators  have  almost 
,yfi  Ui^tl  the  bromide  of  potassium.  The  action  here  is  complicated 
the  |>ota>4siuiu  action  as  well  ils  by  the  salt-action,  and  these  are 
ofleti  sufficient  to  obscure  the  slight  depression  of  the  brain  which  is 
the  really  characterintie  effect  of  the  bromide  ion.  In  the  frivg,  for 
example,  [>ot:(ssiiim  chloride  is  eaipable  of  inducing  depressi»m  of  the 
oeotral  Der\*ous  system,  and  a  certain  amount  of  stupor  is  induced  by 
the  aall  oiHion  of  chloride  of  stMlinm.  The  slightly  greater  depression 
induced  by  the  bromide  may  well  l>e  fwerlookei),  therefore,  and  many 
iovcsti^tors  have  concltuliHl  that  tlie  bromide  ion  is  as  inactive  as  the 
chloride.  The  typicjd  bromide  action  may  be  induced  with  greater 
eleame*i  in  mammals  by  the  use  of  sodium  bromide  in  repeated  doses, 
and  in  dof^  symptoms  of  depression  and  imperfect  coordination  have 
been  observed,  and  sometimes  stupor  and  death  from  failure  of  the 
respimtion.  The  most  eharacteristio  action,  however,  is  obtained  from 
the  administration  of  the  drug  to  patients,  its  the  affection  of  the  cen- 
Ical  Dprvous  system  is  so  slight  after  all  but  extrpme  doses,  that  in 
order  to  produce  distinct  symptoms  in  the  less  sensitive  brain  of  the 
dof^,  quantities  must  be  used  which  entail  the  additional  complicution 
Induoed  bv  salt-actioD* 
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to  Ikj  impermeable  by  the  ammonium  iou,  so  lliut  whon  luninon 
inhaled  it  tl<ie3  not  r«aoh  the  blowl,  iind  wlien  it  i.s  iib.-iK»rljod  from 
alimoutary  tract  it  tloes  not  ainK'^ir  in  the  l^rwith  (^lagnus), 

Whon  ammoniiun  salts  arc  taken  by  the  month,  they  have  lili 
no  tendency  to  cause  symptoms  from  either  tlie  wntral  nervou?  i?y 
or  the  heart.     No  ease  is  known  in  which  convulsive  attacks  coui 
shown  to  bo  due  to  the  direct  action  on  the  central  nervous  syst 
man,  and  it  ia  very  doubtful  whether  the  circulation  is  affeotwl  tit 
In  some  cases  of  poisoning;  with  ammonium  hydrate,  eonvnUitms 
occurred,  but  these  seem  to  Iw  due  t<»  tl»e  violent  local  action  of 
caustic  alkali.     The  chloride  of  ammonium  may  induce  irriii^tion 
vomiting  when  taken  in  large  quantities  into  the  stomach,  hot 
through  its  action  as  a  salt. 

Ammonium  is  changed  to  urea  in  the  body  and  is  Excreted  in 
form  in  the  urine.  This  trauKformation,  which  probably  takes  pi 
the  liver  cliicHy,  proceeds  very  rapidly,  so  that  considerable  qiuin 
of  some  salts  may  be  injected  slowly  into  a  vein  without  induciag 
symptoms  whatever.  The  urea  in  the  urine  would  therefore  tci 
be  increased  by  ammonia  if  other  factors  were  not  involved,  and 
matter  of  fact  this  occurs  in  tin"  hi-Hjivora.  In  carnivorous  animals 
in  man,on  the  other  haml»  some  of  the  salts  of  ammonium  increase  the 
cretion  of  urea,  while  others  apparently  increase  the  ammonium  saltsin 
the  urine.  Thus  the  carbonate  or  acetjite  of  ammonium  is  ex'  ' 
urea,  while  the  chloride  appears  to  be  excreted  unchaugttl.  Th 
enc©  in  the  belmvior  of  the  rmimoniMui  wdts  is  more  apparent  tlii'i 
however.  As  a  matter  of  fact  the  ammonia  is  excreted  as  urea  in 
ease,  but  the  acid  with  which  it  is  in  combination  may  conceal  this. 
the  case  of  the  carbonate  no  arid  is  fretnl,  and  the  same  is  true  of 
acetate,  whieb  is  oxidized  to  the  carbonate  in  the  tissues.  "VVhcn,  bw- 
ever,  urea  is  formed  from  ammonium  chloride,  hydrochloric  arid  U  !ib* 
erate<l  in  the  tissues  and  would  act  as  u  poison,  were  it  not  neulraiiwJ  ** 
once  by  ammonia  Ixjing  formed  in  the  tissues  themselves.  It  ia  thcnfJ' 
creted  by  the  urine  in  cnmbinuti^m  with  this  freshly  formed  amuiouii 
while  tliat  with  which  it  was  fonuerly  combined  appears  as  urea.  Tl* 
formation  of  ammonia  in  the  tissues,  however,  withdraws  some  nilmpri 
which  woidd  ordinarily  have  formed  urea,  so  that  the  net  result  is  •!•** 
the  urea  excretion  U  little  changed,  while  the  ammoaia  of  the  nmv^ 
much  increased.  The  earnivora  tlierefore  neutrj»liz<3  the  hydnniilone 
acid  with  freshly  formed  ammonia.  The  herbivora  on  the  other  liaiw 
neutralize  it  with  fixed  alkali,  so  that  the  administration  of  anunona 
always  increases  the  urea  excreted  by  them,  while  little  or  no  amroo* 
nia  ap]»«irs  in  the  nrine ;  at  the  name  time  tlie  fixed  alkalies  of  tw 
blood  tend  to  become  neutralized,  and  this  may  give  rise  to 
symptoms.     (See  Acids.) 

The  urine  is  often  incresised  by  the  exhibition  of  aramctnium  sail 
not  always.    It  is  to  be  noted  that,  while  the  alkaline  salts  of  the 

^  In  H<miemfM?a  npfiarcnlly  the  livdrtirliloric  iiciil  U  not  exorcteil  in  lliU  wsyit 
but  goes  to  iQcrca.^0  the  acidity  of  the  gastric  juice. 
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render  the  urine  less  acid  or  even  alkaline^  ammonium  salta 
such  effect,  beciiuse  tiicy  are  excreted  iis  urea. 
In  birdn  and  reptiles,  ammonia  ia  apparently  excreted  as  uric  acid. 

The  Substituted  Ammonias  of  Uio  metbuDc  scries,  such  iis  melhylamiue, 
I  some  of  tho^e  of  the  ai-omutio  series  reaetnbW  amuiooin  in  their  ^unt'ml 
few,  but  the  utitnuUitiun  of  th«  central  nervous  system  is  nut  oh«n  ho 
ked  a  fcAitupe.  In  genenil  t^rms,  Ihofte  compounds  in  whiuli  one  hydro- 
atom  is  sulwtituted,  t*.'ml  to  cause  greater  nervous  stimulation  than  those 
whii'h  two  or  three  such  substitutions  are  made,  while  this  action  \i  again 
re  prominent  in  those  in  which  four  ulkyl  groujjs  nre  comhinfd  with  the 
trugen.  In  addition,  roo**t  of  these  eompountis  seem  to  have  a  more  deprea- 
t  action  on  the  central  ner\'ous  system  arterwiirds*  than  ammonia,  and  ihcy 
Urod  Id  weaken  and  eventually  i)araly/.e  the  tenninations  of  the  motor 
v«. 

The  ammonium  baaes  formed  from  the  natural  alkaloids  appear  to  have 
tctlon  on  the  central  nervous  system,  bub  act  like  curara  ou  the  tcrmina- 
iof  the  motor  nerves.     (See  page  260.) 

PkKPA  RATION'S. 

Amnumii  Chloriditm  {V.  8.  P.,  B.  P.)  (NH.Cl),   0.3-1  G.   (5-15  grs.),  in 

'at  inn. 

Tnckiiri  Ammonii  Chhridi  (U.  S.  P.),  onch  eontaining  0.1   O.  (2  grs.)  of 

monium  chloride  with  0.25  G.  (4  grs.)  of  liquuricc  extract  antl  s«mic  syrup 

Tola, 

Ther&pentic  Uses.  —  The  chloride  is  prescribed  chiefly  for  its  effects 

the  resj»iratory  mucou8  mensbranca,  and  is  a  very  wnumon  c(»nstit- 

it  of  ex|)ectorant  mixtures  iWr  bronchitis  and  (^tarrh.     The  lozenge 

often  us^l  for  ^ore  throat,  and  chloride  of  ammonium  solutions  are 

ionjilly  inhaled  or  sprayed  into  the  throat.     It  has  also  been  pre- 

Wd  in  gastric  catarrh  with  benefit  in  some  cases,  but  whether  thia 

M  to  it*  acting"  on   the   mucous  secretion,  or  to  its  increasing  the 

J^itTof  the  gastric  juice  is  unknown. 

Ammonium  chloride  and  the  chloride  of  trimethylammoniura  were  at 
ctiiae  advised  in  rheumatism,  but  have  proved  useless  in  thia  disease. 
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sirkiipss  of  prt'^aiicy,  aiul,  it  ii»  8ui«l,  in  \vbo*>ping-cxmgh.  Bmi 
*»i'  |K>Ui^h  wtiH  formerly  jj^ivni  intcriitilly  to  K*ss('n  tLf  n^flcx  muv<nMiiW 
of  fhf  throiit  aiitl  tlius  t<t  jHTiuit  of  liiryn^o^Cftpio  inaniinilaiintis^uiKl 
it  waa  also  appli*^  locally  to  tlie  throat  for  this  purpose.  It  has  uow_ 
been  supcrswled  by  the  local  use  of  cocaine, 
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V.    IODIDES. 

Althonph  the  iodides  have  hecn  more  largely  ueed  in  medicint.' thafi 
any  of  the  other  j-alts  of  the  alkalies,  their  mode  of  aelion  i.s  ^tiH 
wrapped  in  obscurity.  This  is  due  to  the  unsatisfactory  state  of  llic 
patliology  of  the  diseaaea  in  which  they  are  used,  to  the  fact  tlrnt  the 
attention  of  investigators  has*  been  drawn  to  the  symptoms  of  ^y^km- 
ing  rather  than  to  the  thenipeiitic  action,  an<l  also  to  the  fact  that  ^^ 
effects  seem  to  vary  very  considerably  not  ouly  in  diflerejit  individu; 
but  also  in  the  same  person  at  diflerent  times. 

Symptoms.  —  Larj;;e  (|uantlties  of  the  iodldet*  cau.se  irritation  of 
Btoraaoh  fruni  tliuir  i^alt-jiction,  and  induce  naust.'a  and  vomiting,  m^ 
rarely  dinirha\t ;  but  these  symptoms  arc  quite  distinct  from  this* 
known  :lh  lodism,  which  may  arise  from  comparatively  small  quaDU" 
ties,  and  which  arc  mtwt  commonly  seen  when  the  remedy  has  b*«D 
a<lniiiiist('r('d  repeatwily. 

TJic  eoMiniuiiest  symptom  of  iodism  is  c4Jtarrh  of  the  Respiiatory 
Passagea,  more  especially  of  the  nose,  which  betrays  itself  in  wwp 
swelling  and  <iiseomfort  in  the  nasal  mut-ous  mcml)rane,  in  a  pniio* 
watery  secretion,  and  in  sneezing.  The  catarrh  spreads  upwards  *(• 
the  conjunctiva,  which  often  becromes  swollen  and  congeste<i,  and  to 
the  frontal  sinu-ses,  whei-e  it  induces  a  feeling  of  duhiess  or  vittlpD' 
heiidache;  it  also  progresses  downwards  to  the  tonsils,  which  beonu^ 
Bwolhn  and  Inflanicd  in  some  «is**.H.  Still  lower  it  occasionally  diii!** 
6ome  swelling  and  tedenia  or  small  ulcers  in  the  larynx,  and  has  tht* 
cau.sed  dyspnii^a,  wliicli  lins  necessitate<I  traelieotomy,  or  very  rar^^y 
has  proved  fatal.  Bronchitis  lias  al.***)  l>een  obsiTveii  in  man,  with  « 
profuse  watery  secretion,  and  in  auimals  oedema  of  the  Jungs  sW* 
pleuritic  effusion  have  l>e€n  produce<l  by  the  injection  of  iodiJw. 
Even  small  quantilieH  injected  intravenously  increase  the  mucus  se- 
creted by  the  bronchi. 


% 


I 


BROMIDES. 

ihc  pn»jrnos»s  of  which  hus  l>oon  entirely  chnnp^l  sinrt*  their  intnxhic- 
ttoo.  lu  a  few  casus  itie  bromide  trc:itiiient  is  said  to  cure  epllu|)sy  — 
the  attat^ks  do  Qt^t  return  after  the  treatment  is  stopped  —  btit  ihis  is 
exoet?(lingly  rare ;  in  others  the  hroinides  have  no  elFect,  but  in  the 
grmi  mnjority  of  cases  (90-U5  per  cent)  the  number  of  attacks  is 
much  Bmaller,  or  the  patient  may  l)o  entirely  free  from  them  as  long  as 
tKo  trentment  is  perseveretl  with,  although  they  return  as  soon  as  it  is 
given  up.  Very  often  no  improvement  is  observed  during  the  first 
few  days,  until  the  tissues  have  become  saturated  with  bromide,  but  in 
other  cases  the  spasms  disappear  immediately.  The  bromide  of  potas- 
Mum  is  raore  commonly  use«i  than  the  others,  and  the  general  impres- 
sioQ  i^  that  it  is  miirf-  elTieirnt  and  more  rrrtain  in  its  eU'eet**,  but  sttmo 
physicians  prefer  the  bromide  of  ammonium  or  of  lithium,  and  others 
still  prefer  a  mixture  of  two  bromides.  In  severe  cases  it  is  sfjme- 
ttoaes  found  tliat  the  bromide  action  is  strcugtheued  by  the  addition  of 
cannabis  indica,  opium  or  chloral,  although  the  last  two  are  to  be  used 
with  caution.  In  the  treatment  of  c])ilepsy  it  is  well  to  Ix'trin  with 
snull  doses  and  to  increase  them  up  to  10  (i.  ytcr  day,  or  until  the  de- 
sired effect  is  attained,  or  f-ome  complication,  such  as  widespread  skin 
afliTtii»ns,  precludes  their  further  use.  When  little  chloride  k  taken  in 
the  fo<Ml  the  excretion  nf  brondde  is  miirh  retarded,  ami,  itn  ih*'  other 
baud,  tlie  addition  uf  chluridt'  tu  the  ilictary  aweleratfs  the  bromide 
rxcrction.  The  restriction  ol'  the  rsalt  in  the  f(»oil  of  epileptics  under 
bn>inide  Irtyiimeut  has  thenfoa'  been  suggestiHl  witli  the  objet't  of 
eatumting  the  tissues  with  smaller  doses  of  bromide  titan  would  other- 
wipe  Im*  nweHsar%'.  In  pnu'tice,  however,  it  is  difficult  to  re<iuee  mate- 
rially the  chlorides  of  the  fo«Ml,  and  t»tjually  ^atisfacto^y  re^^idts  may  l»e 
obtairM'd,  with  less  hanlship  to  the  patient,  by  slightly  increasing  the 
duM?  of  bromide. 

Tho  acne  is  very  oflen  a  troublesome  accompaniment  of  the  bromide 
■etion,  and  in  fact  may  prevent  the  use  of  this  valuable  drug  in  otiier- 
wise  suitable  cases.  It  may  often  be  prevented  by  scrupulous  cluan- 
Linosa  of  the  skin  and  fre<|UeDlly  yields  to  treatment  with  small  doses 
of  arsenic. 

The  bromides  are  not  so  effective  in  other  affections  of  the  central 
D«rvous  system,  altliough  some  success  has  attended  their  use  in  rhon^i, 
ia  tiw;  convulsions  of  children,  and  iu  some  forms  of  hysteria.  They 
have  also  been  used  in  tetanus  and  in  strychnine  poisoning,  but  are 
Itifcrior  to  other  remeciies  such  as  chloral.  Neunilgia  is  sometiuAcs 
improved  by  bromide  treatment,  especially  when  it  arises  from  worry, 
anxiety,  or  overwork. 

As  sop<irifics,  bromides  often  fail  entirely,  or  induce  such  depression 
and  confusion  subsequently  as  to  preclude  their  use.  Iu  sleeplessm^ss 
froiD  anxiety,  they  are  often  valuable,  however,  and  it  is  found  that 
the  dooe  of  chloral  may  be  c<»nsideral)ly  lessened,  if  it  is  prescribed 
alon^  with  bromides.  In  sleeplessness  from  |tain,  bromide  is  of  little 
or  no  valae. 

Bn:Hnide3  liave  been  used  with  good  results  iu  sea-sickness,  in  the 
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few  <laYs,  while  others  have  found  icxUsni  indnoecl  in  fiO  per  cent,  of 
their  r^istv  after  a  single  ilose  of  3  G.  An  iitteinpt  has  been  nimlf  to 
explain  these  discrejiaucies  hy  siiUpixH^ing  tliat  iodism  is  oidy  pnidu<'«'d 
by  impure  iodides,  hut  this  is  uot  correct,  for  it  lias  been  observed  in 
numerous  cases  in  -which  the  drug  was  absohUely  pure.  Among  other 
oondition.s  which  favor  the  onset  of  symptoms,  is  a  hIow  excretion  of 
the  iodide  such  as  is  observed  in  some  forms  of  renal  irritation. 
Children  seem  less  liable  to  suffer  from  the  iodides  than  adults.  The 
dow  administered  has,  of  course,  f»ome  relation  to  the  onset  of  symp- 
toms ;  thus,  very  large  doses  are  more  likely  to  induce  them  than  very 
small  ones,  but  it  seems  that  a  tolerance  is  soon  established  in  some 
cases,  for  after  iodism  has  been  induced,  and  the  daily  dose  leeeened 
accordingly,  it  is  sometimes  found  that  it  may  be  gradually  increa.«ed 
until  a  (juantity  considerably  greater  than  that  originally  given  may 
be  taken  with  impunity.  In  other  instances,  a  definite  quantity  may 
l>e  given  for  a  long  time  M*ithout  inducing  symptoms,  but  tliese  may  >iud- 
denly  set  in  without  any  apparent  change  in  the  treatment  and  without 
any  appreciable  cause.  Very  often  it  is  found  that  the  symptoms  dis- 
ap]H»ar  when  the  treatment  is  continuwl,  aud  recovery  invariably  &el8 
in  when  the  drug  is  ahandoned.  The  iodides  all  induce  iodism,  the 
symptoms  being  ap])arently  unaffected  by  the  basic  ion,  but  the  iodide 
of  ammonium  is  said  t4)  be  more  liable  to  induce  them  than  the  others, 
owing  to  the  iodine  being  freed  from  it  more  easily.  The  symptoms 
are  seldom  diiiigenius,  but  a  few  cases  are  recorded  in  which  oedema 
of  the  larynx  resulted  and  pruved  fatal,  and  in  others  death  was  attri- 
buted to  the  iodides,  but  the  exact  cause  was  not  ascertained. 

The  iodides  are  nut  Absorbed  from  watery  solutions  applied  to  the 
skin,  but  arc*  rapidly  taken  up  by  all  the  mucous  membranes.  When 
given  by  the  mouth  they  are  abst^rbed  unchanged  by  the  stomach  and 
intestine,  and  appear  in  the  secretions  within  a  few  minutes.  The 
greater  ])art  of  the  iodide  is  Excreted  in  the  urine,  in  which  it  a]>- 
pears  as  salts.  Some  esca|M's  by  the  salivary  glands,  however,  and  small 
quantities  are  excreted  by  the  stomach  as  hydriodic  acid  and  some- 
times as  free  ioiline ;  iodide  has  alsct  been  found  in  the  tears,  per- 
spiration, milk,  sebum,  and  in  the  secretion  of  the  nasal  mucous 
membranes.  No  iodine  can  be  detected  in  the  breath  of  animals 
jjoiwmed  with  i<HUdcs.  After  treatment  with  icxlide  of  pjtash,  iodine 
has  been  detected  in  the  hair,  milk,  muscles  and  heart  in  organic 
combination.  Io<lidcs  are  much  more  rapidly  excreted  than  bromides, 
for  (i5-K0  per  cent,  of  the  iodide  ap^iears  in  the  urine  within  24  hours 
after  its  administration,  and  no  itKlidc  reaction  is  obtaine<J  from  any  of 
the  secretions  a  week  after  the  tn*;itnient  has  ceased.  It  has  been  stute^i 
that  iodide  fails  to  |>ass  into  the  serous  ca\itie.s  in  inflanintatork-  transu- 
dates, but  this  seems  to  be  incorrect,  although  the  starch  test  often 
fails  here  from  the  pres<'nee  of  proteids. 

The  greater  jwirt  of  the  iodide  administered  therefore  pits«<?* 
through  the  tissues  and  is  excreted  in  the  urine  in  the  form  of  salts. 
If  iodide  of  potassium  l)e  given,  as  is  generally  the  ease,  some  inter- 
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change  botwooD  it  nnd  the  salts  of  the  tissues  takes  place  and  iwliiJe 
of  sodium,  ohloride  of  pota^th  and  Rcveral  other  salts  are  formed,  and 
all  of  these  are  excreted  in  the  urine.  Some  of  the  iodide  undergoes 
4ecompoditioQ  in  the  body,  however,  and  the  free  iodine  thus  formed 
ifl  believeil  to  l)e  the  eause  of  the  symptoms  of  iodism.  This  detsompo- 
sHion  of  iodides  in  the  body  was  at  first  rather  inferred  from  the  sim- 
ilarity of  the  symptoms  with  thf>se  induced  by  iodine  preparations,  than 
from  the  actual  demonstratirtn  of  the  presence  of  i(Klhie  in  the  tissues. 
The  ordinary  iodine  tests  fail  in  albuminous  solutions,  because  it  ap- 
pt*ttr8  to  exist  in  a  loose  combination  with  the  proteids,  but  free  iodine 
has  been  shown  to  be  excreted  into  the  stomach,  and  an  organic  com- 
pound of  iodine  exists  in  the  hair  and  in  various  internal  organ-i  afler 
iiididp  treatment.  The  suwiessful  treatment  of  goitre  with  iodide  of 
potassium  is  also  a  strong  argument  in  favor  of  the  presence  of  free 
iodine*  and  the  itnlothyrin  of  the  thyroi*!  gland  has  been  sliown  to  be 
in<*rtfa«e<l  l)y  |)otassie  itnlide^  When  iwiine  is  ihus  libenited  in  the 
b<«ly,  it  dfies  not  circulate  as  such,  but  at  once  combines  wiih  the  pi»- 
teidfi. 


The  formation  of  free  iodine  from  iodides  (which  Is,  of  course,  quite  dl»- 
tiocl  ^m  tlieir  dissm'iatioii  into  potassium  and  iodide  ions)  has  l)ecQ  ex- 
plained by  several  theories.  The  first  of  tiiHso  asntnneil  that  the  iodide  was 
deoompooed  by  the  carlMnic  acid  of  the  blcKKl,  forming  hydrio<Iio  ucid,  and 
that  thi:i  waa  sulraequently  oxidi/^  in  the  blood  to  free  iodine.  Binz  sup- 
posed that  the  decomposition  occurred  rather  iu  the  protoplasm  of  the  tia- 
Miea,  and  supported  hiii  statement  by  an  experiment  in  which  an  iodide  solu- 
tion vafl  saturated  with  carbonic  acnd  and  had  plant  protoplasm  added  to  it, 
aA«r  which  it  gave  the  onliimry  iodine  reaction  with  starch.  The  objection 
haa  l>eei)  raised  that  this  experiment  succeeiLs  only  when  dyin^  protoplasm 
laaaed,  and  another  theory  has  been  proposed,  namely,  ttuit  the  oxidation 
iaoarriedon,  not  by  the  protophism  ititelf,  but  by  some  unstable  suhstjineeft 
irhioh are  excreted  by  living  matter,  and  which  therefore  occur  oa  the  mucoua 
aembrane^,  in  the  sjiliva  and  elsewhere.  These  IhmIIcs  are  in  themselves 
n«lutrinf(  .'i</enl«.  but  in  the  presence  of  air,  as  in  the  respiratory  passivgea, 
th«*ir  oxithition  is  uc<'ompanied  by  the  libenition  of  "active  oxygen"  which 
ia  iuru  oxidises  the  io  tides.  Another  explanation  which  lius  been  given  for 
the  ocnirrence  of  free  iodine  is  the  action  of  nitrites,  which  decompose  iodide 
of  p<tt«**iiini  in  the  fircsence  of  ttcidi*.  But  .\nten  found  that  i(>dis»ni  i(t  not 
indcuvd  more  rea*HIy  in  h  susceptible  subject  wlieri  the  nitrites  are  iiupnientod  in 
the  ti-F*utf*.  It  hufl  been  stateil  recently  that  iiHlism  is  very  rcaciily  cliciteiJ  in 
(Mticnttf  whrt.'o  (Uiliva  (Htntain^  mui-h  sulphrK-ynnidc.  iind  that  the  occurrence  of 
thi«  br>Iy  in  the  Nvrciion*  nf  the  n-spirattiry  tnict  is  rcsponsihle  for  the  mHJii(e»- 
tationi*  of  irritiition  induced  by  ifxiides.  HInz  has  fouml  that  some  microbes  are 
capable  of  actting  iodine  free  from  avid  wjlutiuus  of  tlie  iodides. 

Iodii>e  is  supposed  to  l>e  set  free  along  the  raucous  membrane  of  the 
icapintory  pa>^sages  and  in  the  skin  ;  and  in  this  way  the  corvza  of  the 
former,  and  the  eniptionH  on  the  latter  an^  expliiiruMl.  Tt  must  he  noted 
that  free  itMjine  has  not  yet  been  clearly  demonstrate*]  in  either  of  these 
Burfaccs,  and  that  the  theory  has  been  formulatwl  only  to  explain  the 
aymptomH  of  iodism.  Iodides  have  been  found  iu  tlie  nasal  secretion, 
aaltva,  and  penspiration,  but  no  free  iodine.     Some  of  the  other  symp- 
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tortw  of  itKlism  are  jirobably  due  to  action  on  the  thyroid  glaud ;  thv 
tlic  awelenition  of  the  heart  observed  in  some  eases,  the  loss  of 
resultiiijj^  iroin  their  |iroIong(Ml   use  in  others,  and  the  re<luction  in  ll 
size  of  goitres  umy  all  be  explained  in  this  way.    (See  Thyi-oid  Kxtnw 

The  central  nervous  system  and  the  circulation  scarcely  fteem  to  he. 

by  iodides.     Very  large  quiintitiefl  of  i>ota«*io  imiide  injected  inlu  u  vcini 
found  to  weaken  niid  pamly/e  the  heart  in  aninuils,  but  dti  not  wern  to  I 
more  [)oiiu>uuu.s  than  other  polm«.sinui  smltd,  aud  depression  of  the  cvtM 
nervous  system  may  also  be  elicited  in  the   eame  way  by   the    puUisiii 
action.      Barbera  stnltr:^  Iliat  very   large  quantttieH  of  iodides  pamlyai  it 
depressor  nerve  terminations  in  the  nieduUu  ohlongaia  and  weaken  ibf 
ripherul  inhibitory  meehauiitui  of  the  heart,  wtiile  Hunt  found  the  accrlvr 
tor  fibres  letcs  eiwily  fatigued  after  iodide.     The  nietjiboUsm  of  the 
seems  little  ailecled  by  ii>di<les  in   nio^t  crtsefi,  hut  a  further  examinatioD 
the  excretions  of  patients  who  lose  weight  under  the  treatment  is  desJrabk 
The  action  of  tlie  iodides  in  therafteuli<s  has  lieen  iiderihed  by  someaulJ 
to  their  rendering  the  movement  (*f  the  leucocytei*  (diapi'deHis)  more  actirt 
hut  no  satinfactorj'  evidence  has  twjen  ailduced  in  support  of  this.    Soluljol 
of  iodide  of  so'linm   are   found  to  V>e  more  poi»<inoU8  to  muscle,  cilift  i 
unicellular  organisms  cxpotieil  to  Uiem   than   are  similar  solutioas  of 
chloride  or  hromide,  so  that  the   iodide  ion  appears  to  be   more  fatal 
prc»t<»pUi.sm  than  the  hmmide  and  chh^ride  ion,  whileit  is  lesA  poi^noiutlil 
the  tluoride.     In  the  frog  stifTness  and  awkwardness  in  the  movenieoln 
clieited  by  eompamtively  small   do«'S  of  iodide  of  sodium  and  theM;  s)i 
turns  have  bceu  shown  to  be  due  to  rigor  mortis  occuniug  iu  the  musclts. 

Preparations. 

POTA83II  TODIDUM  (U.  8.  P.,  B.  P.)  (KI),  0.1-1.3  G.  (2-^20  grs.). 

Unguentum  Pofassli  Jodidi  (U.  8.  P.,  B.  P.). 

Linimnttiim  Pofastiii  loiiidi  cum  Sapone  (B.  P.). 

Somi  loium'M  (IJ.  S.  W,  B.  P.)  (Nal),  0.1-1.3  G.  (2-20  gre.), 

Ammonii  fodidum  (U.  S.  P.)  (NHJ),  O.l-l  G.  (2-15  grs.). 

Strontii  IwlkUnn  (U.  S.  P.)  (Sri,),  0.3-1  G.  (5-15  grs.). 

Syrupus  Acidi  Hydriodici  (U.  S.  P.),  a  syrup  contaiuinjc  about  1  per 
by  weight  of  hydriodie  acid.     4  c.  e.  (1  fl.  dr.). 

Aridiim  llydrhdictim  DUahtni  (U.  8.  P.  I,  10  per  cent.     0.5  c.c.  (8  min«.). 

The  iodides  form  colorless  crystals  when  pure,  n  yellowish  tint  iudicati"? 
the  presence  of  free  iodine.  They  are  very  soluble  in  water,  less  so  iu  o\v^ 
hoi,  and  are  always  prescribed  in  watery  solutions,  and  often  along  wiw 
carbonates  of  wnla  or  p<it;ish,  in  order  to  prevent  decomposition  us  fiW** 
possible.  The  iodide  of  potju^li  i-s  the  one  most  frequently  used  and  i*  |*^ 
liable  to  contain  free  iodine  Ihun  the  others,  but  iodide  of  soda  is  prcfeirtd 
by  some  ;  the  dose  often  has  to  be  much  increa^seil  beyond  that  given  9.^*'^ 
The  iorlidR  of  ammonium  is  said  to  he  more  liable  to  cause  skin  emi'tio"* 
and  disturbance  of  the  digestion  than  the  others.  Some  iodide  eflecti?  rcJ; 
also  be  ubtaiued  by  the  use  of  iodide  of  lead  or  mercury,  but  here  tP"!' 
are  coniplifated  by  the  aetion  of  the  metal,  and  these  will  be  di^n**'' 
along  with  the  other  saltA  of  lead  and  mercury.  The  external  appli  i'  ' 
of  iodides,  as  in  the  ointment  or  liuimeot  of  pota.ssic  iodide,  is  not  alUm 
by  any  effect  local  or  general. 

Therapeutic  Uses.  —  The  iodides  are  used  very  extensively  in 
treattnetit  of  tertiary  syphilis,  in  whicli  thoy  have  proved  invalnabi 
They  iiave  also  been  administered  in  the  earlier  stages  of  the  diaeaK, 
but  have  proved  to  be  of  little  servloe  here.     Id  eyphilitic  bone  diaeUM 
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iilwrs,  ami  in  the  giinmiata  of  the  brain  and  otln/r  inteninl  organs, 
svefj  a  rernarkubli!  iinprovemeiit  very  ofii'u  occurs  aftiT  the  u>di<]e 
»iit  hus  licon  adopted.     The  iixlidc  of  potassium  or  ofs^jdium  is 
invariably  used,  and  is  given  in  a:5  large  doses  as  the  patient  ean 
bear,  oAen  np  to  i>  G.  (75  gra.)  daily.      In  the  beginning  of  the  tertiary 
mjioi festal ioas,  the  iodide  is  often  prescril>ed  along  with  mercury,  ami 
thi*  combination  is  found   more  efficient  than  the  iodide  alone.     No 
explanation  of  the   action  of  the  iodides  in  syphilis  has  been  given, 
altliough  it  is  surmi^cd   that  they  may  act  as  a  specilic  ]>oison  (anti- 
septic) to  the  unknown  cause  of  the  diseafte.     It  in  snggented  by  some 
writers  (Bin/)  that  the  iodine  is  set  free  in  the  gumma  or  in  its  neigh- 

tUirb<»0(i,  but  this  U  pure  s[>e<^ulati(m,  unfbiindetl  on  any  basis  of  fact. 
In    many  dist^ascs  which   are  not  dirccfly  attributable  to  Kvphilis, 
but  in  which  there  is  a  hi.slnry  of  syphilifi,  iodides  are  of  value;  thus, 
neoralgia  and  other  nprvous  disturbances  are  often  relieved  by  them 
JK  persons  of  a  syphilitic  taint,  and  in  fact,  improvement  is  often  ob- 
ip^red   in  the  most  diverse  ei)nditious  in  persons   who  have  formerly 
attfTered  from  this  complaint 
^L        Another   series  of  symptoms  or  of  diseases  which   is  often   treato«l 
^H  with  imlides,  is  rheumatism  in  its  various  manifestations.     The  treat- 
^BftjEDt   is  of  little  value  in  acute  rheumatism,  and   in  fact,  often  fails  in 
^^^ke  chronic  disease,  but  is  occasionally  attended  with  improvement, 
ahboug)i  the  exact  conditions  in  which  this  occurs  arc  still  unknown. 
The  iodides  have  long  enjoyed  some  reputation  in  the  treatment  of 
goitre,  but  the  thyroid  extract  has  proved  much  superior  to  them  and 
prnmiAea  to  supplant  them  rntii-ely,  as  their  eflects  i\n>  due   to   (heir 
■      Action  on  the  thyroid  secretion.     The  same  may  Ix'  said  regarding  tlieir 
^K  nse  iu  obesity,  which  was  found  to  be  successful  in  some  cases,  pre- 
^■gpffuibly  of  thyroid  insufficiency.     In  normni  )>ersons  and  animals  it 
^^^Pof^en  found  that  iodides  mtlier  tend  to  increase  than  to  decrease  the 
*      weight. 

^  Some  skin  eruptions  have  been  found  to  t>e  benefited  by  the  iodide 
^ft  tftfttnicnt  even  when  no  suspicion  of  syphilis  could  be  entertained. 
^B  (Compare  thyroid  extract.) 

^H      Tbe  suc<vs<s  attending  the  tretitment  of  goitn?  with  iodides  seems  to 

^r  have  been  the  Iwisis  of  their  use  in  cases  of  enlarj^cd  lymphatic  glands, 

^   Bcrofuln,  and  lupus,  but  here  t!»e  results  are  very  doubtful,  although 

eocuo  au(lu>rities  allege  that  the  iodide  treatment  is  of  value.     There  is 

•  general  consensus  of  opinion  that   the  old  treatment  of  malignant 

tumors,  such  as  cancer  and  sarcoma,  with  iodides  is  lio|)eless. 

These  salts  are  sometimes  credited  with  promoting  the  absorption  of 
MTtHis  effusions,  but  here  again  it  s(N3ms  doubtful  if  their  reputation  is 
mnnlcd.  The  same  may  be  said  of  iheir  use  to  aid  in  the  n'moval  of 
hyi-  'v  of  connective  tissue  in  tbe  bixly,  :is  in  tbe  various  fbrms 

of  -  -  and  cirrhosis,  although  the  ioilides  are  still   very  widely 

OMd  in  arteriasclerosis.  Their  effect  in  removing  the  syphilitic 
gmnma  was  evidently  the  origin  of  their  use  here,  but  while  the  resolu- 
tion of  gumniAta  under  the  iodides  is  beyond  question^  the  evidence  of 
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the  rapid  oxcretion,  ami  more  sUiwIy  absorbed  prrparations 
hwa  rtuggfrttwl,  »nch  as  the  corabinatiun  with  fats  {ffHiipin^  p. 
the  abs<'rptiun  of  iodide  of  potassium  may  bf  retarded  soiucwbat 
9  action  pruh'iij;*'*!  by  prescribiiiii;  it  in  iimcilagiiuius  Hiiids. 
i  cutaneous  tTiiptious  are  said  to  be  less  liable  to  occur  when  the 
l^t  scrupulously  clean  by  frecpient  bathing. 

■Mi 
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■  VI.    IODINE. 

line  posBCSsca  a  local  irritant  action  similar  to,  though  less  intense 
hat  of  chlorine  and  bromine.  It  is  much  le.sg  vol.itilo*  and  there- 
oraea  into  contact  with  the  ti.ssucs  more  slowly  tlian  these,  but 
«mical  change  is  analogous,  and  iodides  and  proteid  compounds 

ion.  —  When  applied  to  the  Skin,  it  dyes  it  a  yellow-brown  or 
irown  color,  and  acta  as  an  irritant,  i^roducing  a  sciisatioTi  of  ht-at 
^ing.  In  ver\-  concentnitt^d  soUitifin  or  in  the  solid  form,  it 
nose  blistering  or  even  cormsion,  but  it  acts  much  more  slowly 

Pother  irritants,  and  at  the  same  time  the  irriUitiou  is  more 
.     It  penetrates  into  the  deoj>er  layers  of  the  skin,  and  small 
nes  an.'  alisoibed. 

'  Uncous  Membranes  are  more  strongly  affected  by  contact  with 
OS  when  its  vapor  is  inhaled  for  some  time,  smarting,  swelling 
screased  secretion  is  caused  in  the  nasal  mucous  membrane, 
iciiva,  throat  and  lower  respiratory  [KJs.H.j^es,  resembling  exactly 
mptoms  known  as  iodism.    In  the  stomach  small  quanlicies  may 

herefore  (lincr»  entirely  tnmi  the  itKliil<>R  and  tlio  other  saliH,  an  fiir  us  it.s  local 
8  oirticemcd.  biil  there  nre  !*o  many  pointa  of  connection  between  the  hnlogen 
«Llt>»  thai  it  has  lieen  fdund  conveniei\,L  to  insert  it  here.  The  sauw  remark 
loA  for  the  next  series  ( Iodoform). 
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cause  slight  Irritation  and  improved  appotite,  but  as  a  ^neral  rub 
uausea,  disoomfurt  and  vomiting  follow  its  adniinislruliou  iti  anvgave 
the  most  minute  doses,  and  owjisionally  diarrbcca  has  been  ob6«n*«l 
aft^r  it  from  irritation  of  the  bowel.  In  caaes  of  poisoning,  tlie irri- 
tation of  the  ulimcntan'  canal  may  prove  fatal  by  induciujt;  coDapH 
and  failure  of  the  heart  anil  respiration,  and  iodine  may  be  reciigniM 
in  the  vomited  matter  and  in  the  Ftool-*. 

Sohitions  of  iodine  Injected  Subcutaneously  or  into  tumors  or  crsB, 
a  eommon  motltod  of  treiitment  formerly,  esujse  intense  pain  and  irri- 
tation which  may  induce  collapse  and  which  have  been  followed  io 
some  instanecs  by  suppuration  and  gangrene. 

loilini'  is  Absorbed  in  the  form  (if  iodide8,  and  perhaps  in  acnaitif' 
nation  with  proteids.  The  ordinary  imlalbuminale  obtained  by  wMinj; 
iodine  to  albumin,  is  a  very  loose  compound,  and  is  ca^^ily  dfc<>ni|ww!il 
by  dialysin,  or  by  heating  it  to  the  eoagnlation  point  of  the  albtiniiB, 
wlien  the  iodine  is  obtained  free  or  in  combination  with  alkalies.  Sev- 
eral stronger  and  more  definite  compounds  have  been  forme<l  reoenlly, 
and  it  is  not  iniposhible  that  the  iodalbuniinate  fonued  in  tlie  prr'f^'^ 
of  absorption  is  of  a  similar  nature.  In  combination  with  allmniiD, 
iodine  fails  to  give  the  start^h  reaction.  Ita  Fate  in  the  Body  i:^  prf- 
cisely  similar  to  that  of  the  iodides  —  it  is  excreted  in  the  fnrmof 
iodides,  chiefly  by  the  kidneys,  to  a  less  extent  in  the  saliva,  [ter^pin- 
tion,  milk,  and  secretions  of  the  respirator}'  passages.  It  als<' ••'ccoi' 
in  the  hUimach,  into  which  it  appears  to  be  excreted  as  hydri'xlic 
acid  ;  free  iixlitie  has  been  detectetl  here  in  both  man  and  animati 
and  is  probably  formed  by  the  deeom[>ositioQ  of  the  acid.  In  ibe 
normal  organism  i(Kline  is  contained  in  considerable  quantit}'  io  ill* 
thyroitl  gJuud  in  the  (orm  of  an  organic  compound,  iodolhyrin,  andi> 
luany  cases  the  administration  of  iodine  leads  to  an  increase  in  liiefo^ 
niation  of  this  »ul>stance,  perhaps  by  actually  stimulating  the  scerrioty 
cells  of  the  thyroid,  but  more  prubably  by  aflfording  them  a  larg^ 
amount  of  a  necessary  04)nstittient  of  their  secretion  than  is  contain** 
in  onlinary  fomL 

Small  quantities  of  iodine  may  be  given  internally  to  many  perw 
without  eliciting  any  syaiptoms  except  those  which  are  clearly  due 
the   hK^il  iictioti.     Kepeated   doses,  however,  sometimes  faiuse  sym 
toms  resembling  those  ob^ervcHl  after  iodides  (lodism),  although  t 
h:iv<'  been  much  less  ofb'u  induced  by  iodine,  which  is  cwmparaiii-^ 
seldom  adiiiinistorcd  internally.     Skin  aJfrdionH  nf^m  to  be  extn'Oie 
rare,  but  that  a  similar  action  on  the  skin  may  be  induced  by  iodi 
and  iodides,  is  shown    by  the  a|»pIi<.ralion  of  iodine  to   the  skin  l*i 
often   followed   by  eruptions,  which  are  not  evntined   to  the  point 
application   hut  spread  over  the  gkin  and  assume  the  form  of  Hiffa^ 
erysipelutoid  rashes,  papules,  or  erythemata.     Fever  is  said  to  occiB 
occiisioually,  espeeinlly  iu  goitrous  patients,  and  a  loss  of  flesh  hashed 
observed  with  shrinking  in  size  of  the  thyroid  gland  and,  it  is  said,fl 
the   mamnne  and  testicles.      The  pufffc  is  idlen  accelerated  to  » Vd 
considerable  extent,  and  iu  cases  of  goitre  treated  for  some  time  by  d 
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itt-rnni  and  local  administration  of  iodinf,  a  curious  nervoim  conditum 
IS  often  observed  fi>rniftrl_v.  Tlie  |>atientH  became  restless,  anxiuiis 
id  irritable,  and  suftetvd  from  sleeplerisnebti  and  often  from  tremor, 
hich  sometimes  simulated  chorea.  All  of  these  symptoms  except  the 
tin  eruption?*  and  the  atrophy  of  the  mamma  and  testis,  the  *K!currence 
f  which  under  iodine  n.**jnires  confirmation,  are  induced  by  large  (juaoti- 
itt  of  thyroid  extract  also,  and  would  seem  to  be  due  to  the  excessive 
icwluotion  of  iodothyrin. 

Irritation  of  the  ro^piratory  trad  is  seen  less  often  after  iodine  than 

r  the  iodides,  but  tedema  of  the  laryux  has  been  observed,  and  in 
cases  o^ugh  and  the  expectoration  of  a  waterv  secretion  tingetl 
bIoi>d. 

Anuria  and  albuminuria  have  occurrcfl  in  a  few  instances. 

Tbi'  symptoms  induced  by  iodine  after  absorptiou  thus  resemble  in 
sneral  features  those  following  the  use  of  the  iodides,  but  while  the 
liter  tend  to  cause  irritation  of  the  skin  and  respiratory  tract,  pre- 

rottbly  throu^j^h  lil>eratini^  iodine  hci-e,  tiie  chief  elfect-s  of  iodine  after 
hwrjrtiiin  are  due  to  its  action  on  the  thyroid  j^Iand,the  effects  on  the 
Liu  and  mucous  nnfmbranes  bcinii:  less  prominent. 

The  effects  of  iodine  on  the  Metabolism  arc  still  a  matter  of  dispute, 
authors  findinp^  no  alteration,  while  olh(^rs  state  that  the  excretion 
is  increased.     Tht'v  pnihably  dillVr  in  *!itTerf!it  indlviduala 
rding  ti>  the  condition  of  the  thyroid  t;Iand. 

Injected  into  the  veins  of  animals,  iodine  tauses  (edema  of  tliti  lunga, 

icb  V.  Zeissl  considers  to  be  due  in   pnrt  to  chnnges  in  the  left  ven- 
r,  in  \Miri  to  contraction  of  the  piilnnmary  arterioles. 

The  mascles  of  tbi-  fro^  are  tlirowu  into  a  state  of  rigor  by  iwline  in 
same  way  as  by  tlie  iodides. 

Some  Cases  of  PoLsoning  from  the  inJL'cLion  of  large  quantities  of 
Kfioe  into  cysts  have  been  recorded.  In  loose's  well-kno^vn  case,  the 
bvf  symptoms  were  thirst,  constant  vomiting,  the  V(miite<l  matter 
totitaiuing  iodine,  cyanosis  and  coldness  of  the  skin,  a  small,  weak 

»l8e,  anuria  and  skin  eruptions  after  a  few  days  ;  and  death  occurred 

I  the  tenth  day.  In  such  crises  of  poisoning  in  man  the  mucous 
Berabrane  of  the  stomach  and  intestine  has  been  found  swollen  and 
^»en^,  and  in  animals  fatty  degeneration  of  the  liver,  heart  and 
^ev  has  been  describe*!. 

Iodine  is  said  to  dissolve  the  red  bloo<l  corpuscles  when  it  is  brought 

contact  with  them  outsi<le  the  body,  and  to  form  a  combination  with 
ttniiiB^lobin. 

Pheparatioxs. 

iodom  (U,  8.  P.,  B.  P.),  iodine,  a  hoaN-y,  friable,  bluish-black  mass,  with 

tkaracteristic  odor  and  acrid  t.aste,  inHohihle  in  water,  soluble  in  alcohol 

irf  in  solutions  of  the  iodides  of  the  alkiilies.     Iodine  itself  is  not  used  in 

Brapcutios.     The  »olutiuus  arc  of  a  brown  color. 

JW/orri  loili  {V.  H.  P.),  7  per  cent.,  0.1-0.4  c.<!.  (2-8  mius.). 

Vinctura  fndi  (Tl.  P.),  2J  per  cent.,  2-5  mins. 

Uquor  lodi  Compositus  (V.  S.  P.).  LugoTs  Solution,  eont-ains  5  per  cent. 

iolved  in  lOper  cent,  potassium  iodide  solution.     0.2-0.8  c.c.  (S-12  mins.). 
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Ungventum  lodi  (U.  8.  P.,  B.  1*,),  4  per  cent. 

Liquor  Jodi  Forttn  (B.  P.),  Iodine  Liniment,  ubout  14  jwr  cent. 

Sulphuric  Jodidnm  {V.  S.  P.,  B.  P.)  is  a  mixture  of  iodine  and  solpliiir; 
part  of  whiclj  uuiy  be  in  chemical  combination.  It  resembles  iodine  iflJH 
action  on  the  skin. 

Unguentum  Sufphuria  JodUli  (I(.  P.). 

The  compound  solution  of  iodine  ir  the  preparation  best  fltted  for  bterBi] 
use,  although  the  tincture  is  also  empW>yed.  Both  should  W  given  ftA^r 
mcala  and  as  far  us  possible  diluted  with  demiUcenl  preparations,  in  order, 
to  avoid  irritation  of  the  stomach. 

For  Injection  into  c>*HtJi  or  tumors  the  compound  liquid  ia  also  tht 
preparation,  as  it  is  less  iiritant  than  the  tincture. 

The  tincture,  ointment,  the  strong  solution  (B.  P.)  and  the  sulphur  i 
preparation  may  be  used  for  external  application. 

Therapeutic  Uses. —  Iodine  has  been  used  internally  in  a  variety 
chronic  conditions  such  as  syphilis  and  gititre^  and  in  tubercular  dis- 
ease of  tlic  glands,  bon(*s  and  other  organs,  but  it  has  been  almost 
entirely  superswled  by  the  itxJides,  and  in  goitre  by  the  thyroid  prcpar*- 
tions.  It  was  formerly  applied  in  goitre  by  injection  into  the  enlarged 
lobes  of  the  giand,  as  well  as  being  administered  internally,  and  cer- 
tainly proved  heneticial  in  many  cases,  though  these  are  better  treated 
now  by  the  extracts  of  the  gland. 

The  intt'rnul  use  of  iodine  has  undergone  a  revival  quite  recently,  Uut  in* 
atead  of  the  older  8t)lntions,  new  prejuinilions  have  been  introduct'<i  >^i:<!i  ai 
the  comhinutions  with  proU^idf*  {Eitjoii^  lodolen)  or  with  fata  {Iwl. 
the  organic  compounds  of  the  iodoform  scries.  lodipin  is  dccoui}!  - 
the  puncrcatii.'  juice  and  iodides  appear  in  the  urine  soon  after  thi.«  take* 
place.  It  has  Iveeii  used  to  indicate  the  activity  of  the  gastric  mov^'iuenUs, 
u«  when  thest>  are  uhnonnally  kIow  the  reaction  in  the  urine  appears  httcr 
than  iu  normal  ciii^es. 

Iodine  ha.s  been  applied  locally  by  painting  on  the  skin  in  a  varirty 
of  clironic  inHamni;itory  processes,  such  a.s  tubercular  glands,  plmrilii' 
eflusion,  and  tulH^rcuhir  or  rheumatic  joint  disease.  Its  action  bcTf 
consists  simply  of  a  mild  lasting  irritation  of  the  skin,  which  indactf 
some  congestion  in  the  subcutaneous  tissues  and  may  thus  aid  iu  tlw 
absorption  of  exudates  iu  them  and  may  also  inllueuce  the  deej>er  King 
tissues  and  organs  in  the  sanic  way  as  other  irritants  (see  page'S). 
There  is,  however,  nothing  specific  in  its  action,  and  it  ditfers  from  the 
other  skin  irritants  only  in  being  milder  iu  action  and  more  endurbg 
in  its  effects.  It  seems  unlikely  that  tlic  small  quantity  absorbed  t*" 
have  any  appix^ciable  action.  S<inie  benefit  often  follows  from  lli|* 
use  of  iodine  in  chronic  inflammations,  but  there  is  uo  question  tlialii 
is  very  often  applied  where  more  active  surgical  measures  art  r»*ally 
requin!^. 

loJine  has  been  very  frequent!}'  injected  into  cysts  iu  order  tu  ii>* 
duce  inflammation  and  adhesion  of  their  walls,  and  thus  to  obliterate 
the  cavity.  Formerly  ovarian  cysts  were  very  generally  treated  in 
this  way,  but  a  number  of  cases  of  poisoning  arising  from  this  treat* 
ment,  and  the  pro^^resa  of  ahdtmiinal  surgery  have  led  to  its  bein^ 
abandoned.     Hydrocele  is  still  very  frequently  treated  with  iodine  in- 
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nnd  some  cysts  of  the  merabranes  of  the  spinal  cord  and  brain 
I  injectfd  with  it.  It  ha^  been  stated  iu  tliiti  conucclion  that  these 
tobranes  react  much  lens  violently  to  iodine  than  the  peritoneum 
h]  the  lining  membranes  of  the  joints.  Iodine  has  aUo  been  injected 
I  dUute  solution  into  the  pleuritic  cavity  after  the  evacuation  of 
Kipycma. 
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Vn.     IODOFORM. 

A  Dombcr  of  iodine  compounds  have  been  introduced  into  thera- 
tica  as  applications  to  wounded  surfaces.     Thp  most  wirlely  known 

ibeee  is  Iodoform  (CHI^),  which  c()rrei!'pon<]rf  in  it-s  cheniictil  struc- 
ttre  fc)  chloroform,  and  forms  a  yellow,  crystalline,  insoluble  j>owder 
Htli  an  intensely  disagrerable  odor.  It  has  been  used  very  extcn- 
Mf  in  surgery,  and  has  given  rise  to  poisoning  in  a  number  of  cases. 

Symptoms.  —  The  symptoms  of  iodoform  intoxication  in  man  gener- 
llyset  in  with  anxiety,  general  depression  and  discomfort.  Tlie  pa- 
lent  becomes  sleepless  and  restless,  complains  of  gidtliness  and  hcad- 
(k&nd  often  of  the  taste  and  odor  of  iotloform  in  the  mouth  and 
tw.  The  pulse  is  generally  greatly  accelerate*.!,  iind  a  rise  of  tetu- 
bftture  is  said  to  have  occurred  iu  some  cases  in  which  no  septic 
Wsoning  could  be  found  to  accfiunt  for  it.  The  depression  deepens 
Mo  true  melancholia  acoompunicd  Uy  hallucinations,  the  patient  often 
llffering  from  the  illusion  of  persecution,  which  may  induce  him  to 
ttempt  suicide.  As  a  general  rule  this  melancholia  i.s  followed  by 
^kd  of  violent  dellrinru  and  munia,  lasting  for  hours  or  days,  and 
I  &tal  cases,  by  collapse  nnd  death.  In  other  canes  the  condition  has 
^U  into  |)ermaucnt  insanity  and  dementia.  A  rarer  result  of  the 
Hvption  of  iodoform  is  deep  sleep  passing  into  stupor  and  collapse 
ficbout  any  sympUims  of  cerebral  excitement. 

ill  Sailder  cases  of  poisoning  the  patient  suffers  only  fi-om  the  iin- 
Htait  taste  and  odor,  from  headache  and  not  infretjuently  from 
pusea  and  vomiting. 

In  the  dog  and  cat  iodoform  generally  cauHcs  deep  sleep  and  stupor, 
hth  lessened  exritability  of  the  spinal  (rord  and  of  the  motor  areas  of 
M  brftiD.  In  the  frog  it  paralyzes  the  cfutntl  nt-rvous  system  and  the 
ttrt  without  eliciting  any  symptoms  of  cxcilt^mcnt.  No  narcosis  is 
kserved  in  the  rabbit  even  after  fatal  doses. 

The  symptoms  most  characteristic  of  iodoform  |H»isoning  —  those  of 
iiriiim  and  mania  —  are  evidently  due  to  cerebral  disturbance,  but 
ihing  U  known  as  to  the  nature  of  the  changes  in  the  brain.  No 
iier  poison  elicits  these  symptoms  in  the  same  intensity  and  of  equal 
ratioQy  and  no  similar  effects  have  been  met  with  in  animals. 
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Acceleration  (►{'  the  heart  Ims  l>een  not4?ti  in  iiiauy  cases  of 
After  pralunged  aittuinistration  albimiinuria  is  often  observed  in  aoi*' 
muls,  and  the  thyroid  seoretioii  has  lieen  found  to  l>e  inorf:ts«I  tin 
very  considerahh^  extent  by  ifxlot'orm,  as  by  other  bodies  which 
iodine  In  the  tiHSuea, 

After  fatal  iodoform  poisoning  in  man  and  animals,  the  liver,  ki< 
heart  and  muscles  are.  genornlly  found  to  have  underpone  fatty  (k^^ 
eration.  In  addition,  irritation  of  the  gastric  and  intestinal  murtii« 
membrane  has  been  observed,  and  the  epitlielia!  oella  are  «»fteu  (iejjen- 
crated.  Ecchymoses  occur  beneath  the  endocardium,  in  the  kidner 
and  elsewhere,  and  <M»ngestiou  of  the  meninges  is  described. 

Absorption  and  Excretion.  —  Iodoform  is  readily  dec^imposed  in  thf  I 
presence  of  alkaline  Hinds  and  in  prot4'i<l  solutions,  and  some  <icc«iu- 
position  undoubtedly  t;ikes  place  in  wounds;  the  iodine  UlvrawJ, 
combines  with  the  alkalies  of  the  fluids  to  form  iodides,  for  theeehavej 
been  ehown  to  be  present,  and  iodalbuminatea  an»  presumably  formed  in 
the  same  way  as  by  free  iodine.  Some  of  the  iodoform,  however,  ia 
absorbed  iniohanged,  fir  the  nervous  symptoms  are  not  prijdiu¥<l  by 
iodine  or  iodides.  -U'ter  iodoform  absorption,  iodine  has  beenshoinij 
to  be  present  ia  the  saliva,  perspiration  and  bronchial  secretion,  tf 
after  the  ingesti<m  of  iodine  or  imlides ;  but  it  is  chiefly  excreted  in' 
the  urine  in  the  tonu  of  iodides.  The  tissues  apparently  retiiin  itveij. 
tenaciously,  for  iodidis  have  been  found  in  the  urine  for  more  tiafl 
mouth  after  tlie  administration  uf  iodoform.  ^ 

In  considering  the  symptoms  of  ifidofonn  intoxication,  it  must  be 
rec<)gnized,  therefore,  that  a  very  complex  condition  is  present.  Some 
iodoform  circulates  in  the  bhwid  a|)parently  uuelmngcd  and  givw  ris* 
to  the  ccrelira!  symptoms.  Other  symptoms  are  due  to  the  prca-ort 
of  iodine  and  icKlides,  perliajis  the  former  chiefly,  in  the  blood  andtift"^ 
sues,  for  Umnrno  obst-rvod  it]  dogs  the  excessive  secretion  from  th^ 
eyes,  nose  and  bronchi,  which  is  charaeteristie  of  iodJ^m.  Ija^Jt 
the  acceleration  of  tlie  heart  and  some  other  symptoms  may  be  dwW 
abiiornuil  activity  of  tlie  thyroid  secretory  cells.  ^t 

Poisoning  with  iodoform  is  much  more  liable  to  occur  in  adullsBil 
in  chtldnni.  Serious  syiiiptouis,  especially  mental  symptoms,  are  oft^ 
developed  ttnly  after  somewhat  prolonged  administration,  but  in  ret* 
diseases  the  iodoform  products  art!  excreted  more  slowly  than  nsual^^ 
are  liable  to  accumulate  iu  the  tissues,  so  that  it  ia  to  be 
cnution. 

lt»doforni  Iiils  no  marked  Local  Action  on  the  skin  or  mucous 
branes.  When  applied  to  wounded  surfaces  it  sometimes  caiisee  sotll 
irritation  in  tlie  neighhorho<Ml  luul  oven  exanthemata,  but  these  are  rat 
and  appear  to  occur  only  in  jH'rsons  predisposed  to  cutaneous  diacw 
It  seems  to  have  .some  aniesthetic  action,  when  applied  in  large  qu.antl 
to  wounded  surfaces.  lodororm  was  at  first  applied  to  wounds  io  i 
belief  that  its  Antiseptic  properties  were  etjual  to  or  even  exceed 
those  of  carbolic  acid.  It  has  been  shown,  however,  that  it  posses* 
little  or  no  influence  on  the  cultures  of  most  of  the  paihogeaic  n 
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mI*«w,  for  the  spores  ofteu  develop  an  rapidly  after  bavinj^  been  sub- 
scled  to  ioduform  as  in  the  control  cultures.  It  has  therefore  been 
IgSTCSted  that  while  iodoform  in  itself  pf^ssosse»  no  antisi'ptic  virtueH, 
leiotline  formed  from  it  in  the  wound  muy  retard  the  growth  of  sep- 
c  genus.  And  in  regard  to  this  point  bacteriolujirists  arc  not  agreed, 
tr  while  8everal  invn^tigatioOH  ten<l  to  show  that  riiierobes  drawn  from 
rotmrls  imder  iodoform  treatment  are  not  retjirded  or  weakened  in  their 
jlopment,  other  experiments  indie^ite  that  the  virnlemx*  of  some 
is  re<liieed.  Some  of  the  advocates  of  the  iodoform  treatment 
foiv  asoribe  its  results  to  this  slight  antiseptic  aeliaii  of  the  iodine, 

hile  others  sn^tpose  that  it  diminishes  the  secretion  nf  the  wotinded 
Wrfaoe  and  thus  affords  a  le?is  suitable  medium  for  the  growth  of  the 
[critts;  in  this  relation  it  may  be  mentioned  that  Binz  found  t!ie  erai- 
[TStiou  of  the  leucocytes  fR)m  the  bKuxl  vessels  himU'red  by  the  local 
ipplication  of  iodoform.  Finally  iodoform  may  retard  tfiu  growth  of 
nicrobes  to  some  extent  by  foi'ming  n  i-ni^t  ovit  the  wounded  surface, 
ind  raechanicjdly  preventing  them  from  penetrating  to  it. 

The  intensely  disagreeable  odor  of  iodoform  and  the  conaidorable 
lurahcr  of  cases  of  j>oisoning  noted  under  its  ns<'  have  le<l  to  the  intro- 
Uuctiou  of  numerous  substitutus  in  the  la=it  ten  years.  Some  i>f  these 
lave  been  shown  to  bo  pnictically  worthless  and  have  been  dLseurded, 
tliile  the  greater  number  are  ap|Kirently  uswl  more  or  less  widely,  but 
locurate  data  as  to  their  value  cannot  be  obtained.  None  of  them  seem 
In  be  very  |x»irfoninH,  and  in  most  of  them  the  iodine  of  the  molecule 
[fcnot  liberattnl  in  the  wound  or  tissues.  It  is  oi'  coui'se  impossible  to 
Itite  how  far  they  are  eapal>lo  of  replacing  iodoform,  as  long  as  their 
nact  action  in  wounds  is  unknown. 

Tie  first  of  thcjso  fiubstitiites  was  iodol  or  tctriiiotl pyrrol  ((^J^XIF),  which 
ihatQuodor  or  taste,  Is  iusnlulilc  in  water,  Vnit  Is  altsurbL'il  from  mucous  sur- 
I4(*san(l  from  wouinls.  It  Ib  decompusud  in  the  tissues,  uud  lemly  to  the 
[■icnlinn  »>f  ioilidi:-?  iu  the  urine,  and  in  very  large  doses  jjives  rise  to  symp- 
[toctts  ill  aiiiinals  rt^scmbling  thi>PO  produced  by  iodoform.  The  iodine  of 
tWol  is  apparciiily  less  e:isiiy  split  ott'  the  molei-ule  than  that  of  iodoform, 
|*Klit  si'erason  the  whole  less  liable  tt>  produce  j'tHsoiiing,  but  has  been  less 
te«l  of  late  years  than  some  of  its  rivals.  Ainoug  the  beat  known  of  tlieae 
arutlol  OT  dithyniol-diioflide  ((.'^U/UljCjU^OU^,  and  the  aozoiodoiatea  of 
ttm,  sodium,  mereur>'  and  zinc.     Snzoiodolio  acid  is  plicnol-sulphonic 

diu  which  two  atoms  of  hydrogen  have  been  substituted  by  two  atoms  of 
*<liuL'(l'^H^I,HOSO,0}I).  Iodine  comiMKindsof  phcjiol-phlhalcin  are  known 
^  the  iradi*  names  of  nonophen,  antinoaine  and  euiUtxine.     Triiodocresol  is 

own  as  lo»ophan,  while  euraphrn  is  a  more  ceimplcx  ct>nibination  of  cresol 

1*"1  iodine ;  lorftin  and  vittfonn  are  derivatives  of  (piinutine  containing 
Wfaie.  (C^ce  also  under  Bismuth  and  Alum.)  These  later  "substitutes  "  for 
Woform  ditfer  entirely  from  it  and  from  iodol  in  the  fact  that  iodine  is  not 
Wwrated  by  the  tissues  ;  that  they  pass  through  the  body  unchanged,  as  for 
pthe  iodine  is  concerned,  and  lliat  they  are  said  to  be  entirely  devoid  of 
iMdoQoas  etfects,  and  in  fact  of  any  action,  save  as  local  antiseptics.  Their 
ploe  aa  antisepticts  can  only  he  determined  by  fiirther  trial.  They  are 
isl  all  phenol  derivatives,  and  any  virtues  they  possess  may  prove  to  be 
to  thia  fact  mainly,  and  not  to  their  containing  iodine. 


« 


520 


IXOnOANW  SALTS,  ACIDS  ASD  BASES. 


PUKFAHATIONS. 

lodoformum  (IT.  8.  P.,  B.  P.),  ioOoionn  (Cin,),  forms  small,  lenum 
crystals,  posjiessiHg  u.  very  pfuetraling,  pemstcnt  and  ciisuj^t-'eable  oda( 
luste,  pitiL'tictUly  iiiiioluble  in  water,  5solul>le  iu  uli'uhol,  «ther,  fixed 
glyceriu,  etc.     0.03-U.2  G.  (J-:>  gv^.),  in  pilla  or  capsules. 

SuppOftitoria  lodofonni  (U.  P.),  eacli  conCninJng  ll  k^s,  of  iodoform. 

Unguentum  Iopofubmi  (U.  i*.  P.,  B.  P.),  contains  10  per  cent  ii 

fotlolum  {U.  8.  P.),  C.I/  NIT,  a  li^lit  grayish-Wftwn  crystalline  powder. 
Icsa,  odorK'^t,  in»nlubU'  m  water.      Dose,  0.25  0.  (4prs.). 

TUijtnolijf    Indhlum  iV.  8.  P.).    ArUtttd  ((C^H,- CH,-C,H,-OI)J   a  yfll 
bn»wn  |H>\viIer  resembling;  iodul  in  its  properticH. 

The  'Sitz'iioiiofnir  of  p4i{}L<«i<iuui  is  slightly  soluble  in  wiiter,  the  H»'Jium  uuldxtf 
Baits  more  soluble.     ftien'Ur>'  formic  an  in^ioluble  salt  which  may  l>e  di'violrc 
the  addition  of  nodium  chloride. 

Therapeutic  Uses.  —  Iodoform  liiw  l)C€»n  used  to  a  very  liinitod  eii 
internally  in  the  treatment  of  syphilis,  and  as  an  iutestiual  disinfi 
It  is  ihicHy  eniplnytxl  in  surgical  treatment  as  an  application  to  wi 
skin  ditreases  and  burns.  In  granulating  Huriacea  with  a  profuse s 
tion,  and  in  slowly  houlin^  absex-ss  cavities,  it  seems  to  bo  es| 
valuable.  It  may  be  applied  as  a  dusting  powder,  as  an  ointmfnl,or 
in  gau^>  or  bandages  saturated  with  it.  It  has  l>et'n  hIiowu  tlial  it 
has  very  weak  nnliseptio  properties,  and  many  surgeons  take  thf 
precaution  of  ilisinfwting  the  powder  before  applying  it,  and 
for  its  ertect  on  the  titsui-s  of  the  wound  and  not  for  its  effects  ui 
germs.  Applieil  in  ordinary  (piantity  to  small  surfaces  it  s»roe 
be  a  perfectly  safe  remedy,  cases  of  jtoisoniug  occurring  only  wbc* 
large  cavities  are  plugged  with  it,  or  when  it  is  applied  to  very  largT^ 
absorbent  surfaces.  Many  attcnij^ts  have  been  made  to  disgnige  it^ 
disagreeable  odor,  but  liave  Ixini  nttciuk'tl  with  only  nuKleratc  success 
Among  the  best  of  the  m:iny  perfumes  suggested  for  this  purpoK  v| 
cumariii,  which  is  rontalned  in  large  tpiantity  in  the  Tnuka  bean. 

Iod<iti>rni  has  been  creditrd  with  some  sjx'citic  action  in  tubercuhu 
diseast',  but  luis  j>rov(tl  ahnost  inert  towards  tii**  bacillus.  The  favor 
able  results  in  the  local  treatment  of  tubercular  abscesses,  larytigea 
ulcei-s  and  similar  ooiulitions  may  with  greater  probability  be  attributei 
to  its  action  on  the  gnniulation  tissue.  In  syphilitic  ulcers  and  chaq 
cres,  iodoftirm  has  been  used  very  largely  and  with  good  eflbcts, 

lodol  m:»y  be  used  as  a  sul>ititute  for  irxloform,  and  is  applied  i 
the  same  way.  The  sozoitKltihitcs  are  used  as  powders  or  ointment] 
or  in  the  case  of  the  sodium,  zinc,  and  mercur)'  salts,  in  solution.  Tfa 
last  is  poisonous,  and  is  comparable  to  corrosive  sublimate  in  its  effect! 
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Vm.    FLUORIDES. 


^kftlU  iu  tbt'ir  dtomical  retu'tiuit.s  anrl  u1h<>  Jm  their  ttfecUi  in  the  orgatiinm. 
'  The  fluoride  ol'  Budium,  which  alone  hiis  been  t'xumiiu'd,  potwejiM-Aa  power- 
^hallj  iniuuit  Iik-aI  oi.'^tion,  which  13  scon  awal  clcurly  whc-ii  iL  is  applied  to 
■ftas  macoua  membranes  ol*  the  eye  or  of  the  alimeuuiry  tract.  In  the  for- 
^^acT  it  cause.'*  (x>i)Kb:4Lian  ami  inllainmatiou  of  ihe  conjunctiva  and  opacity 
fl^^thc  eomt*a,  when  it  is  appliol  in  a  two  per  cent.  fii.ilution  for  Bomc  time. 
I^&sniill  quimLilies  indui-e  irritatiuii  uf  the  Htotnach,  nauM^a  and  vomitinf^,  and 

Eprolonj^il  rtdininiatration  leads  to  irritation  of  the  inlfsliiiej^  and  diar- 
h;  sulntioiis  of  th«»  nimridoH  me  alnorU'd  with  great  difficuUy  by  the  in- 
oal  opitheliiiin.     AVhen  injected  subeuianeuualy  Huorides  often  induce 
^aaflunmation  aufl  »uppunition  with  nccroiiis. 

»ln  frotf^  KmAll  diwes  induce  prolonged   tibrillary  contractions  of  the  mits- 
1m  thruiii^hout  the  bcMiy.  which  are  due  t<»  a  stiuiulatiun  uf  the  terminations 
of  ihe  raultir  nerves.      I*jirj;er  do-^es  paralyze  the  central  ncr\*oua  .^yatera  and 
«vtrntiial!y  tho  motor  tvrminationfl,  and  even  the  nerve  tibres.     The  muscles 
ioH  their  irriiuhjlity  and  pas8  into  very  marked  rigor,  and  tho  heart  mudcle 
)i&Uo  iMimly/ed  by  Iiir^xc  f(uantitic9. 

la  mammal.s  the  first  symptumji  are  increased  secretion  of  fuUva  and 
teui,  aooeleration  und  deepening  of  the  rcNpiration,  followed  by  a  conditiuu 
^nmkneta  and  somnideacn.  Strong  Kbrillary  tremor  of  the  musrlrs  then 
Mtiawith  occasional  6ti*onger  twitches,  whieh  eventually  pans  into  attacks 
ofgttMml  convitUIon!^.  In  the  intervals  between  theconvulsiouH  the  uninkal 
lleiiaa  atato  of  protbtuid  coma.  The  respiration  is  fUmlly  arresfted  during 
H  uaiiack  of  coiivuldiou»t,  the  heart  continuing  to  beat  for  some  time  longer. 
H  T«ppRiner  found  a  very  marked  fnU  ot"  bUMtd  pre-sure  protluc*-*!  by  .sodium 
"  flumdo,  aud  attribute<l  it  to  dejiression  of  the  va-^o-niotor  centre.  It  may 
"I  |>4rt  a.'couut  for  the  stupor,  but  thi.s  indirect  action  is  in  all  probability 
•i^etufthcncjl  by  a  dir*H*t  depression  of  the  higher  ner\'oua  centres.  The 
coaruUiuDH  are  ceolral  in  origin,  while  the  ca-use  of  the  lilirillary  contnic- 
tiow  io  miiinmuU  is  nnknovvn.  The  respiratory  centre  seems  to  Ik?  first 
•titauUtod  and  then  paralyzed.  Muscles,  nerves  and  other  exeise<l  tis»u<*9 
>ii'' "I  'u-r  in  solutions  of  ^^odium  tluorido  than  in  eorri'spouding  ones 

of'  ',  io<lide  or  bromide,  s«)  that  the  lUioride  ioii  must  be  a.'V'igiied 

a  (vjrtitii.ri  4'iito  distinct  from  tho  other  halogen  ions  in  the  seal e  of  toxicity. 
Tbo  lluoriiies  absorlNHl    from  the  alimentary  cjinal    are  excreted    by  tho 
^''"-  '    -  takes  place  very  slowly,  and  much  <ff  the  lluoride  is  stored  up 

'• ' '  ^me  in  the  liver  and  skin,  bnt  most  in  the  iMMies  in  Ihe  form 

ol  ainura  nnoriile.  Crystiils  of  this  very  in»dnb1o  salt  are  found  in  tnasaos 
^  1^  Haversian  canals,  and  increase  the  harflncss  and  brittleneas  of  the 
boats. 

The  prolonged  administratjon  of  fiuoridf^  to  animals  has  been  found  to 
otttte  w«akneas,  loss  of  fle.'*h,  and  irritation  and  ulceration  of  the  gums. 

The  fluoride  of  sodium  has  funsidorable  antis<*|Hie  power,  putrefaction  l>c- 
WRdftUyed  by  the  twldition  of  one  part  to  500  uf  fluid,  and  one  in  2<K>  ar- 
''*"i^  completely  the  growth  of  bacteria.  It  has  bt-en  used  to  a  verj'  limited 
«^ol  »t  a  surgical  anti.septic, 

Hylrofluorio  acid  is  an  exceedingly  |>owerfUI  caustic,  dcftroyiug  the 
ntioooi  membranes  wherever  it  comes  in  contact  with  them.     It  baa  been 
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lodoformum  {V.  S.  1*.,  IJ.  P,),  itMloform  (CIlIj),  forms  sma^ 
cryscils.  jiossf'ssiii^r  u  very  iiiiii'tratiiif;,  persisU-nt  uiul  tlisu 
laMi'.  iiiiRlically  iii?^()liil)U>  in   water,  soluble  in  iilcoho) 
glycerin,  etc.     (i.O.'t-U.l*  (i.  (}.-:i  grs.),  in  pills  or  capsulr 

SujiiKjuiioria  ludofonui  (B.  P.),  oafli  containing  3  gra 

I'NtirKNTi  M  loiHtKoiiMi  (U.  s.  P.,  B.  P.),  Htutain* 

h»hihi„t  {W  S.  P.).  (\r,-NH.  a  ii^rht  (rrayi(»li-I»ro\vi 
li'>s  imIoi-K'".-.  in^'ilulilr  ill  wattT.      l>os<\  0.2*)  Cr.  (4 

nun,nl}.<    /.„f;,hfi„    il'.  S.  p.).    Arijtfof  UCjf^'C 
liniwn  pow.lcr  ri'scnilUinjr  indnl  in  its  propertips. 

'I'lic  Soziiimliifilfr  (if  putilSMllIIl  IS  slijrlltlv  HOlull^ 

<i:ilH  Mi'Mc  solulih*.      ^Icn-ury  I'nrms  iin  inHolub) 
tlic  iMiiliti'iii  of  sodium  cbloride. 

Therapeutic  Uses.  —  Iodoform  has  b 

intcriKilly  in  the  tn^atmont  of  syphilid 

Jt  i<  (liii'Hy  employed  In  mirgicul  tre 

skin  dJM'asos  and  biiniij.    In  granr 

tion,  and  in  .<^]o\vly  healing;  absor 

Yiil  liable.     Tt  may  l)e  applied  af  .i             .■          iU^ 

1      f         ''.      .  .1  therapeutips  on  tn^ 

in  ;:aiiz('  or   bandages  euturatf  .       .'          ,      ,     ,« 

,                       1        X-      i*  .1  to  the  tissues,  has  l)ce** 

has   very   weak  antiseptic  p  •      i-             /»  .i           .ii 

r   I-  ■  r  _4.'       *i  -ill"  diseases  of  the  moutrJ 
]>recaiition  of  disinfecting  t' 

for  its  ftlcct  on  the  tissues 

^trins.     Applied  in  ordi 

be  a  periectlv  safe  rem  ^i  -r  '  jv    .      r  .i       n      .        ' 

,  ■^-     '  1  •'»  the  specific  efUfts  oi   the  ehlorate        4-, 

larirc  cavities  are  plujr  ,  ,,'  1 1      .  *  1       ^ 

,       ,      .         -       *^    ^        induces  these  cliloratc  svmptoms,  and     ^^ 
absorlient  surfaces.  •  i  *    i     ^i  *       •  '  r*i     .i»*^ 

T  1 1      J       1.         -  s:ih1  to  be  the  most  iwisonons  ol  the  If*     _ 

disni^reeabJe  odor,  bi  ,.  .  ,  .  ,     ,  ^  *    .       ^,    .  „i»>* 

.     ^       xi     1     i    i»       K' eonditions  which  determine  their  appeart*    . 
Aiiiouff  the  best  of  ^    «  a       ^  *■••      1         \^^ 

■         1  •  1   •         ■irt'stMit,  for  very  oitcn  larjre  uuantitit»s  liave  \:T 
euniann,  which  is      -     1  -1    •      .1    *  ■    i-   •  i     1  i  n  .*<» 

r    -i  J        I  .V.  while  HI  other  individuals  mneh  .smaller  qua^ 

1-  u  i  u  'Rive  i>oisonin;r, 

disease,  but  hap       •11^      1  1       i-      ^    .        1  •  u  ^  - 

,1  u     ■        ■■'10  chh>rate.'i  have  a  cool,  saline  taste,  which  iH'rs0 

aide  results  v       -  .       *    .1    ■     1    •  '       1   -  i.  •      a        r--^ 

1  J    •     >■   -tt'ini;  to  their  beint;  excreted  in  part  in   the  sah^^ 

nhx^rs  and «» .'  -^     .  ^  '^  ,  ...'      ^        *i    •   i  .^^ 

.     ..        ..        .   ^■"titions  iimv  cause  nausea  and  vomitmir  irom  their  li>^r 

to  its  actiop     .-*•     ,         .■        1  .1    .      1         i-      •     Vv       r  II        1    '^ 
.1  /.      -   ;-u»  stomach,  and  their  absori>tion  is  often  loHow^'d    ^ 

t'  1  1  .       '    iairesis   from  a  similar  action  in   the  kidney.     In  t-^ 

,,  .  ".-,  of  t*ises  no  i'lirther  elfctcts  are  observed. 

.      ,    . -■   jliilividiials,  however,  symptoms  arise  from  the  ehhira 

1     .  .        ■  *^;4. i<P*"''  *'"'*"*  tbose  meiitione<l  above,  which  may  be  induct--- 

■  "i'of  rhodium  or,  in  fact,  in-  any  other  diffusible  salt.     (S^ 

,  '"^^i.  fiap'  \x~k)    These  clilorate  symptoms  may  he  divided  iu"^ 

•.•^-^^ite  and  (d*  siibaeute  poisoninjr,  the  first  arisinjj  peuerally  fro^ 

«»*^iiiistratii»n  of  a  sinj^le  larjre  dose,  the  sec*md   from  snialh-- 

>  .(^Ht  taken    repeatedly.     In  Acute  Chlorate   Poisoning   the  firr-« 

.•^^nH  is  often   prolonp'd  and  violent  vomitinp:,  with   pain  in   tli^ 

*  ***  '^'^''*"  '  diarrhn-a  and  a  dark  eyanotic  color  of  the  skin  an«^ 

'^  ^^  membranes  follow,  the  respiration  is  at  first  dyspna'ie  and  the, 

^.  the  pulse  (piick  and  feeble,  sometinu'S  iri-egular.     The  patient 


.ain  diseases  of  the  moiitrJ-'     -< 
i  of  poisonous  pn»jM'rties,  ^'^'^^^ 
,  vvy  gnive  and  even  fatal  syaij '    ^ 
eases  the  symptoms  an*  due  iKirt*--  -^ 
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observed  that  workers  in  certaiD  departments  of  glass  foctories,  in  which  the 
atmosphere  contains  a  small  amount  of  this  acid,  are  very  seldom  attacked 
by  tuberculosis,  and  an  attempt  has  been  made  to  treat  pulmonary  phthisis 
by  the  inhalation  of  very  dilute  vapors.  The  results  have  not  been  success- 
liil,  although  there  is  no  question  that  hydrofluoric  acid  is  a  powerful  ger- 
micide. 

Sodium  fluorosilicate  (SiFlNa,)  has  also  been  used  as  an  antiseptic  in  so- 
lution. It  has  been  found  to  cause  nausea,  eructation  and  slowness  of  the 
pulse  when  swallowed. 
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IX.    CHLORATES. 

The  chlorate  of  potassium,  introduced  into  therapeatics  on  the  erro- 
neous theory  that  it  would  supply  oxygen  to  the  tissues,  has  been  used 
very  extensively  for  its  effects  in  certain  diseases  of  the  mouth.  It 
was  supposed  to  be  entirely  devoid  of  poisonous  properties,  but  was 
shown  by  Jacobi  to  give  rise  to  very  grave  and  even  fatal  symptoms 
in  some  instances.  In  such  cases  the  symptoms  are  due  partly  to 
the  salt-action,  but  chiefly  to  the  specific  effects  of  the  chlorate  ion. 
The  chlorate  of  sodium  induces  these  chlorate  symptoms,  and  the 
chlorate  of  ammonium  is  said  to  be  the  most  poisonous  of  the  three. 
It  would  seem  that  the  conditions  which  determine  their  appearance 
are  not  universally  present,  for  very  often  large  quantities  have  been 
taken  with  impimity,  m  liile  in  other  individuals  much  smaller  quanti- 
ties have  induced  grave  poisoning. 

Symptoms.  —  The  chlorates  have  a  cool,  saline  taste,  which  persists 
for  a  long  time  owing  to  their  being  excreted  in  part  in  the  saliva. 
Concentrated  solutions  may  cause  nausea  and  vomiting  from  their  local 
salt-action  in  the  stomach,  and  their  absorption  is  often  followed  by 
considerable  diuresis  from  a  similar  action  in  the  kidney.  In  the 
great  majority  of  cases  no  further  effects  are  observed. 

In  some  individuals,  however,  symptoms  arise  from  the  chlorate 
action  quite  apart  from  those  mentioned  above,  which  may  be  induced 
by  cliloride  of  sodium  or,  in  fact,  by  any  other  diffusible  salt  (See 
Salt-action,  page  485.)  These  chlorate  symptoms  may  be  divided  into 
those  of  acute  and  of  subacute  poisoning,  the  first  arising  generally  from 
the  administration  of  a  single  large  dose,  the  second  from  smaller 
quantities  taken  repeatedly.  In  Acute  Chlorate  Foisonisiff  the  first 
symptom  is  often  prolonged  and  violent  vomiting,  with  pain  in  the 
stomach  region ;  diarrhoea  and  a  dark  cyanotic  color  of  the  skin  and 
mucous  membranes  follow,  the  respiration  is  at  first  dyspnoeic  and  then 
weak,  the  pulse  quick  and  feeble,  sometimes  irrc^lar.     The  patient 
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wmplaius  of  headache,  giddiuess  iiud  miiscidar  weakueHs,  Is  n^atless,  and 
cvtriuually  becomes  ooaiatosc  before  death. 

In  Subacute  Poisoning,  vomiting  and  diarrhoea  are  also  observed, 
util  dip  vomited  matter  ttftcu  w>iitainrt  Iarj;e  quantities  of  biie,  less 
ufteo  blood.  There  may  be  complete  anuria  for  sume  time,  or  the 
nrirwis  scantr  and  at  first  dark  colored,  then  deep  reddish-brown; 
it  umtains  ha^mogUdnn,  raethiemoglobin,  ami  hsematiu  in  solution. 
Or  standing,  it  dejH>sits  casts  uf  brown  atmirphons  particles,  wliicli  arise 
fcxini  the  destruction  of  the  rexl  cells  of  tin;  blood,  and  rhlurates  are 
t'ontaiual  in  it  in  cim^idwrable  <|Ti!»ntity,  The  mt.'thiemog!ohin  may 
di-ippear  from  the  urine  after  raie  or  two  days,  but  the  casts  re- 
lasin  longer.  The  skin  Ls  often  icteric  in  ixdor,  and  in  some  oases 
enrthcmat^ms  eruptions  have  been  observed.  Ileadadie,  muscular  wcak- 
K8&and  abdominal  pain  are  complnined  of,  and  uneniic  symptoms  may 
irise  —  delirium  and  convulsions,  or  confusion  and  coma.  Death  has 
followed  from  these  last  as  late  as  a  week  after  the  first  symptoms  of 
poiaoninitf  were  observed,  but  in  several  oasea  complete  recovery  has 
followi^l  even  the  gravest  symptoms. 

Action. — The  cause  of  the  symptfjms  in  acute  and  aiibaoutc  elilarate 
poisiining  is,  apurt  fn»m   the  salt-action,  a  Bpecifie  effect  which  the 
chlorates  have  ou  the  Red  Blood  Cells  and  ]>articularly  on  the  Hsmogb- 
feliL     This   is  seen   espei-ially  well  when    Iduod  is  added   to  a  chlorate 
ttlion  outside  the  body,  for  in  tlie  <:onrsc  i>l*  a  short  time  tlie  blood 
,ea  a  vlark  clKHJolatc  l>r4>wu  color,  and  sjK'Ctroscopic  e,\aminatioa 
feveaU  the  absorption  bands  of  raetlijonio^lobin  and  often  of  hmmatin. 
Aftor  a  time  the  red  blood  ceils  tend  to  bn-ak  up,  and  llic  mcth^emoglo- 
"in  Is  freed  in  the  serum.     If  lar^e  (juantities  of  chlorate   be  added, 
^e  blrtid  i>ecom«t.s  quite  bhick  in  color,  and  assunic;^  a  ^<'Iatinous  con- 
sistency.    Tills  aclinn  of  chlorates  on  the  blowl  ari.-es  I'rom  their  oxi- 
dizinjf  properties,  for  other  oxi<lizing  agents  have  the  same  eifects; 
"H' pxpofun*  '(f  hiemoglobin   to  such  bodie^^  lead.s   to   ihe  f(trmation  of 
Miurrat^ldbin,    while   ivd   Idood  ct-lls   am    destroyed   and  the  hicmo- 
toliin  is  liberatetl  in  the  plasma.      But  while  the  formation  of  niethm- 
»()gtobin  and   the  ha*n»olysis  are  li^ttli    referable  to  oxidaiitui,  the  two 
t>x?esries  seem  (n  proceed  imle[Rndrutly  of  (aeh  other^  fi»r  .some  oxi- 
izlng  agent;*  in<luce  marked   ||;^'nloly^is   witl»   liitle   niethiemoglobin, 
>liile  in  others  the  latter  ieature  is  lli*'  ptvdnniiiuUing  one. 
When  this  transformation  of  the  hiBmoglobin  tak<*H  place  in  ves- 
fcels,  the  blood  is  unable  to  supply  the  tissues  with  oxygen,  because  in 
lacthfEraoglobin  the  oxygen  is  attached  much  more  firmly  than  in  oxy- 
tl.ieraoglobinj  an<l  the  tissues  are  incapable  of  availing  thcnisi^ilves  of  it. 
\{  much  of  the  hiemoglobin  is  thus  rendered  useless,  asphyxia  results, 
d  this  is  unquestionaltly  the  chief  i-ause  of  the  symptoms  and  of  the 
ital  issue  in  the  most  acute  form  of  intoxication.     If  a  smaller  amount 
metli«moglobia  is  formed,  it  disappears  gradually,  either  by  being 
lowlv   relbrmed   to  haemoglobin^  or  by   the  e.or[>tiseles  containing  it 
ing  withdrawn  from  the  circulaliou  and  broken  up.      When  a  con- 
derable  amount  of  hEemoglobin  is  transformed,  but  sufficient  remains 
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effects.     It  has  been  strongly  advised  in  diphtheria,  but 
questionable  value  here. 

The  chlorate  of  potassium  is  more  frequently  prescribed  than  thi 
sodium  salt,  but  the  latter  seems  equally  efficient.  The  chlorates  are 
used  in  2—4  per  cent,  solution,  or  the  official  lozenge  may  be  prescribed. 
In  children  a  somewhat  stronger  solution  with  syrup  or  honey  may  be 
used  to  brush  out  the  mouth,  but  care  should  be  taken  that  none  is 
swallowed.  The  local  action  of  the  chlorates  has  not  been  explained, 
and  it  may  be  due  to  the  salt-action  in  part,  though  not  wholly.  It  has 
been  suggested  that  they  are  oxidizing  disinfectants,  but  there  is  no 
reason  to  suppose  that  they  are  changed  here  any  more  than  in  the  tis- 
sues in  general.  It  is  not  impossible  that  equally  satis&ctory  results 
might  be  obtained  by  the  use  of  the  chlorides  or  nitrates.  Chlorate  of 
potassium  has  been  given  internally  in  cases  of  diphtheria  and  in  some 
diseases  of  the  mouth,  but  it  does  not  seem  to  have  any  therapeutic 
value  unless  when  applied  locally.  Some  benefit  may  arise  from  its 
contact  with  the  mouth  and  throat  in  the  process  of  swallowing  and 
from  its  excretion  in  the  saliva.  In  addition  the  internal  administra- 
tion of  the  chlorate  is  liable  to  induce  dangerous  poisoning.  It  is  un- 
necessary to  discuss  the  earlier  uses  of  the  chlorate,  which  were  based 
on  the  theory  that  it  gave  up  its  oxygen  to  the  blood,  for  both  theory 
and  practice  have  been  shown  to  be  erroneous. 

Poisoning.  —  The  fatal  dose  of  chlorate  varies  extremely,  as  little  as 
1  G.  (15  grs.)  having  proved  fatal  in  a  child,  while  40-50  G.  (10-12 
drs.)  have  been  swallowed  by  adults  without  marked  symptoms.  There 
is  no  question  that  the  red  blood  cells  are  often  peculiarly  susceptible 
to  the  action  of  the  chlorates ;  poisoning  is  especially  common  in 
nephritis.  In  cases  of  poisoning  the  stomach  should  be  evacuated,  if 
any  of  the  salt  is  believed  to  remain  in  it,  but  the  symptoms  often 
appear  only  2—3  hours  or  longer  after  the  drug  has  been  taken. 
General  treatment  with  central  nervous  stimulants,  ice  for  the  vomit- 
ing, etc.,  may  be  carried  out.  The  formation  of  methaemoglobiu  is  less 
liable  to  occur  when  the  blood  is  more  alkaline  than  usual,  and  this  has 
led  to  the  administration  of  the  alkaline  carbonates  in  these  cases. 
Aftor  the  acute  symptoms  pass  oiF  diuretics  are  often  advised,  and  large 
quantities  of  fluid  are  given  in  order  to  flush  out  the  kidneys  and  pre- 
veut  as  far  as  possible  the  tubules  from  being  stopped  up  by  detritus. 
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X.     NITRATES. 

The  nitrates  are  generally  supposed  t<>  Imve  little  action  except  that 
of  nttfi  in  pcnera!,  and  have  been  comparativt'ly  wldoni  the  subject  of 
ph»rroaeoloj:ical  examinution.  lu  hiiuiH  do*^,',s  they  induce  changes 
very  similar  to  those  seen  after  the  clilnride.s,  but  there  is  little  doubt 
tJMt  iu  aiMitiou  to  the  salt-action,  a  distinct  nitrate-ion  etfeot  e.\iat.<f, 
\a  manifeteted  cbictly  in  irritation  of  the  mucous  membranes  which 
are  exptscd  to  it. 

Symptoms.  —  The  nitrates  have  a  cool,  saline  taste,  and  in  small 
dosts  induce  no  symptoms  save  an  augnK'ntwI  flow  of  urine.  Large 
quantttics^  however,  (!unse  gastro-iiitestinal  irritation^  giving  rise  to 
paiu  iu  the  stomach  region,  naursea,  vomiting  and  sometimes  diarrhoea, 
4ti(l  blo(.«|  may  be  present  iu  the  vomit-cd  matter  and  in  the  stools. 
Tb*.'  urine  is  often  al)un(luiit,  but  may  be  scanty  or  entirely  suppressed. 
Tbfse  symptoms  may  be  followed  by  great  muscular  weakness,  apathy, 
collapse  and  eventually  coma  and  death. 

At  the  antopfay  the  stomach  and  int<'stines  are  found  red  and  oon- 
*1,  and  very  often  contain  blood  extravasations.  The  kidney  is 
to  have  prceente*!  the  syniptoms  of  acute  nephritis  anil  luenior- 
rkges  in  Hf>me  cases  of  poisoning. 

\Mieu  dilute  solutions  of  the  nitrates  are  used,  much  less  irritation 
i*  irnlnccil,  and  in  fact  large  (juantitics  may  be  taken  thus  without 
causing  any  symptoms  whatever  except  diuresis. 

Action,  —  Very  simiLir  etFwts  may  be  induced  by  large  quantities  of 
OjmmoD  Bait,  or  of  |M>tassium  chloride,  and  it  is  therefore  often  stated 
lliflt  the  nitrates  act  in  the  same  way  as  the  chlorides.  But  this  is  not 
entirely  correct,  for  while  there  is  no  questttm  that  the  s:dt-action  ex- 
plains much  of  the  effect  of  the  nitrates,  these  salts  have  a  speciHc 
irritant  action.  Thus  very  much  smaller  quantities  of  the  nitrates 
than  of  the  chlorides  are  sufHeient  to  imluee  st*rious  irritation,  and 
of  the  nitrates  isotonic  with  the  bh)od  induce  irritation  and 
in  the  intestine  and  aru  slowly  alisorbed.  This  irritant 
*Bect  of  the  nitrates  hsw  Iwen  explaiu^nj  by  Binz  and  Barth  as  the 
ftsult  of  the  rednction  of  the  nitrates  to  nitrites  in  the  alimen- 
tJwy  Kinal    and    tiiisues,   but   no    HymptoHLs   of  nitrite   action    seem 

tavp  been  observed  iu  cases  of  poisoning  with  nitrates.  ITaldane 
ftjuently  shown  that  nitrite  is  formed  from  the  nitrate  used  in 
!rvation  of  meat  by  salting,  and  thiit  some  nitrous-oxide 
^lobin  is  formed  and  gives  a  bright  re<l  color  to  the  meat. 
TIni  presence  of  this  pigment  may  perhaps  explain  the  red  color  of 
"*f  intestine  in  some  case^i  of  |X)i9oning  in  which  extravasations  of 
bloiid  are  not  marked. 
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The  nitrates  have  long  been  nsed  as  diuretics,  more  especiAlly 
nitrate  of  |>otussiuni.  The  diuresis  is  generally  attributed  to  ihe; 
action,  but  tliere  miiy  be  in  addition  a  true  stimuJatiou  of  the  kidnw 
similar  to  tliat  obsnrveil  under  the  action  of  many  other  drugs  wliicb 
are  irritant  to  the  bowel.  If  Weyi's  statement  U-  correct  ihat  tlie 
nitrates  of  the  urine  are  not  increased  by  the  administration  of  nitraUi 
by  the  mouth,  the  diuresis  must  bo  due  to  some  stimulant  action  only, 
The  nitnitc  of  potassium  is  generally  considered  a  better  diuretic 
the  sodium  salt. 

The  Fate  of  the  Kitrates  In  the  Body  is  still  unknown^  and  in 
Beems  to  var)*  in  ditferent  animals  and  under  different  conditious.  In 
man  and  in  most  animals,  some  nitrate  is  present  in  the  urine  nornrtlly, 
appareutly  derived  from  vegetable  f<x>d,  although  it  may  in  somGcii|^ 
be  one  of  the  final  products  of  Ihe  protei<I  metabtilism.  I^argo  (k^| 
*)f  nitrates  given  by  the  mouth  lead  to  Mime  increase  lu  the  niinile  »■ 
the  urine,  although  more  than  half  of  that  ij»goste(.l  disapfMjai'^  cniirely 
in  the  tissues.  Nitrite  has  also  lieeu  found  in  tlie  urine  a(Wr  lar^ 
quantities  of  nitnites  in  animals  aud  the  nitrite  reaction  is  obtained  from 
a  number  of  organs.  Wiien  smaller  amounts*,  of  nitrate  art*  swalhiwri 
(1— *'i  G.  in  man),  no  increase  in  the  uitrate  of  the  urine  is  olis^ned, 
the  whole  of  that  lugestetl  being  changed  to  some  other  form  iu  tbn 
tissues.  It  is  surmised  that  the  nitrate  is  reduced  first  to  the  nitriui, 
and  then  to  ammonia,  or  tliat  it  is  eventually  excreted  by  the  liingESft 
free  nitrogen.  Some  of  the  nitrate  seems  to  be  excreted  iu  the  siHt» 
and  perspiration,  possibly  unchangetl,  although  it  is  rapidly  re<hic«l  tO 
uitrite  iu  these  secrctiuus^  aud  may  iu  iact  be  changed  to  this  fotni  is 
the  secretory  cells. 

The  action  of  the  nitrates  on  the  individual  organs  h  practical^ 
entirely  unknown.  They  have  a  weak  hamolvtic  eiTcet  in  t^ 
bio*xl. 

Kichct  liiH  founil  solutions  of  the  nitrate  of  sodium  less  harrafi 
fish  living  in  it  than  those  of  any  other  salt  except  the  chloride. 


PREPARATIOXa 


i^ 


A)//WM  NlUas  (U.  a   P.,  a  p.),   Nitre,  Saltpetre  (KNO,),  0.1-2  0.  (^ 

Sodii  Mtras  (U.  8.  P.),  Chili  Saltpotre  (NaNO,),  0.^-2  O.  (5-SO  gr».).    V 
The  nitrates  form  colorlpss  crj*stals  with  a  cool,  saline  tast«.     They 
very  soluble  in  water  and  are  prcscrilx-xl  in  illlute  solution. 

Therapeutic  Uses.  —  The  nitrates  are  seldom  used  now  except  as 
gredicnts  of  diuretic  mixtures  ;  e.  y.,  along  wiih  digitalis.  The  nitr^ 
of  ptitassium  was  formt'rly  employed  largely  in  fevers  and  in  vari^ 
distjrders  of  the  iijctjibdlisni.  snch  its  rheumatisra  or  gout,  but  in  none 
these  has  it  been  found  useful.  The  nitrates  are  to  be  giveu  with  c^ 
when  there  is  any  irritation  of  the  stomach  and  intestine.  Authority 
ditlcras  to  whether  they  may  be  prescribed  iu  irritation  of  the  kidn^ 
but  iu  every  case  they  ought  to  be  well  diluted. 
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Pafipr  iinpregmitwl  with  siiltpetrc  U  used  in  asthma  by  bunung  it  in 

iW  fiiok  n>i>m,  \v\wt\  th**  pyriiline  ami  nitritos  relicvi*  the  !^[uisms 
^v  rflnvine  tho  broiu-liial  nuwoh's.  S»lt|ietit'  nuiy  be  usi-d  in  cigurs  or 
*3prvn!s  for  tlu'  sanu*  purpose,  aiul  the  tobnoco  may  roiitaiii  al«o  the 
I'-iVM  ()ri>olla(li)nnn  *ir  i^onie  of  its  allies,  an  these  have  a  hpeeiul  uctiun 
'u  (lie  brunehiul  muscle. 
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XL     SULPHITES. 

Tbf  sulphites,  tux  unimportant  ^''""P  "^  biMjifs  from  a  therapeutic  point 
of  vitfw,  have  been  shown  to  have  a  iiiorf  poisonous  jictinn  than  mi»ny  bettor 
knuwa  salts.     They  possess  fairly  strong  antist-ptic  propeitius,  because  they 
withdrttw  oxygen  frt»in  or^ijauie  luutltT  in  order  to  oxidizL"  thi'insflve**  to  sul- 
phates.     Injected  into  frogs,  sulphite  of  soda  causes  fp-eat  miisoular  weak- 
nir^A  and  deprt'ssion,  and  eventually  iiaralyfti»  of  the  eentral  nervous  system, 
bf^nnin;;  in  tho  brain  and  de.^cending  to  the  spinal  oord.     I*ater,  the  hitirb 
iM^iat.'^  wrak  and  ceas4.'S  in  diastole,  and  the  inripheral  nerve  terminations 
aari  the  miMeled  are  paralyze^l.      In  nuitnmal'i  the  aetiou  is  exerted  L-hiet)y 
OQ  tho  metulla  oblongat.i  ami  the  heart.      In  the  dog  ami  ra.t  mibeutanooua 
injection  ciuse-s  nausea,    votnitlug,    resllessni'sss   and   tlyspno'a   and  great 
n>ii9cal%r  weakuoA^,  endiu'.;  in  arrest  of  the  resjiirulion,  and  a  little  later  of 
lot.'  btfiul.     la  the  nibbit  the  symptoms  eonsist  of  dyspn<ea,  mus4^-ular  weak- 
ae%4  wilbodl  loaa  of  spoataneous  movements,  und  Uually  death  from  failure 
ul  thc>  respiration  and  the  heart. 

3Cnrh  larger  (piunlities  are  r^-quired  to  poison  auitouls  when  given  by  the 
laaath  ihun  when  injected  sui>eul)iueously,  prolMibly  because  the  salt  19 
»lavrty  .ibsorbu.I  from  Ihu  aJimentury  tnict,  und  also  because  some  of  it  Is 
rh:inxK>\  to  thi?  harmless  sulptuito  before  it  rfNieluM  the  blcKMl,  Some  irri- 
Cktion  of  the  -^itomaeh  is  cAUsed  from  tho  sulphurous  acid  being  freed  by  the 
J5fc-  o.  and  this  iudtiees  vomiting  in  the  dog. 

I  lis  injection  shows  that  the  chief  seat  of  action  of  tho  Butphites  is 

in  -  mil  k  ohlniigat.\,  in  which  they  depn^As  the  respiratory  and  vasomotor 

:w*.     The  heart  Is  acte  1  on   directly  ap|>arently,  for  the  pulse  is  ylow, 

tbe  ma*»eular  wall-*  of  th^  vessol-f   are  also  weakened.     Kionka  slates 

that  flalphites  destroy  the  retl  cells  of  the  bbxid,  and  that  infarctit  are  formed 

frorn  Ihair  reniiin^i  in  tho  ves^ls  and  lead   to  hiomorrhagcs  in  many  organs. 

If  Urge  quAiititi(v»  1k>  absorbed  rapidly,  they  prove  immediately  faUil.  but 

if  Ih*  r»*piration  be  kept  up  for  a  short  time,  recovers*  may  follow.  I>ecause 

thr»   p.ii44>noa^  sulphite  is  changed  to  the  harmless  stdphato  ami  excn'ted. 

\bcHit  !W  per  cent,  of  the  sulphite  alworbed  into  the  blood  is  oxidized  to  the 

%tr;   while  some  .S  per  cent.  isc\en't<'d  in   ibe  nrine  unchanged.     The 

:.•  is  apparently  oxiilizcd  witlt  «realer  dilHeulty,  for  Walko  found 

i-nl.  eliminated  by  the  kidneys  unaltered. 

IV  ili»soK  of  sulphites  have  been  liiken   by  man  without  symptoms  of 

iKring  induce*!.     Kven  .S0-4U  gins,  are  said  to  have  been  swallowed, 

'fa  iKuw>t  prvjiarations  of  feulphite  a  large  prupurtion  of  sulphate  is  pri^* 

int|  and  it  l»  impossible  to  btulu  buw  mut  h  sulphite  was  really  cunlaiued  in 
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tbwio  d(t6e».  Symptoms  uf  gastric  un<J  inlesliiiul  irriUitinii  hnvo  Iw^m  JD- 
duced  by  ooniparalively  nmail  qiiaiitilkt>,  and  Kionku  ronnd  thxU  even  ^miillcr 
dones  of  duli>liii«  adininiHU-red  daily  w  nuiiimlH  caused  hiemorrhH^e^  in  dif- 
ferent organs,  iind  neourdingly  eondemns  the  u»f.  of  8ulphitcs  lo  prw*r*'r 
meat,  wines  and  vegetables  ;  in  addition  they  wem  to  linve  little  effect  IJI 
preaen'inp  meat  from  piUrefaction  though  thejrini|irove  its  Hjipeunmee. 

Sodii  Suiphi^  (V  a  p.,  B.  p.)  (Na,SC\  -!-  7H,0),  a  soluble  salt  wbieii  oil- 
dizes  tu  tbe  snlpbatc  in  the  air,  la  feebly  alkaline  and  has  a  cool,  sniae 
taste.     O.S-2  G.  (.V^iO  grs.). 

Sotiii  Himtphis  [V.  S.  P.j  (NaHSO^)  has  n  disjigreeable  odor  of  Htilpburoui 
aeid,  an  iiniileiisunt  taste  and  uu  a<*id  reaetiuu.     1-2  G.  (15-80  grs.)- 

.SWi'r  Thinnuiphaif  (IT.  H.  P.)  (.Va,^,^^  ^  :»H,0)  i^  verr  solablel   ha.^  o  moi. 
Niline  Uxt^Xc  and  is  neutntl  in  reaction.      1-2  <i.  (I.V3(t  (jre.). 

Solutions  of  these  siilts  have  been  used  to  a  Iiniitod  extent  asm' 
mouth-washes  in  aphthe,  and  have  been  preseriljed  in  some  forms  of   ■ 
tution  in  the  Ktomaeh.     They  were  formerly  reputed  to  be  of  benefit  in 
of  pyi»mia  from  their  mipposed  action  iifl  autii^eptics  in  tbe  bluud,  hut  bi' 
never  been  shown  to  be  of  any  real  value. 
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Xn.     HYPOPHOSPHITES. 

The  hypophonphites  have  been  lUK^d  in  ihe.i-apeutics  in  the  helief  thattbet 
had  some  Hpecial  inHuenw  on  nutrition.  They  were  formerly  s(ipp(>«-<l  t" 
l>e  oxidized  iu  the  tissiie^  to  the  pho»|»bates,  but  this  ha.s  been  shMWtito 
incorrect,  as  piurtically  the  whole  of  the  hypophosphilo  administered 
be  recovered  unehanj;e<l  from  the  urine.  No  entirely  aalisfactoTTi'  work  d 
the  eHeeifi  of  these  sjilt«  on  the  nutrition  has  been  done,  but  there  i*  "* 
ground  to  supiwse  thut  Ihey  have  any  fiirther  action  than  the  other  io**"' 
feront  salts,  mich  as  the  chlorides.  The  chief  elTccl  uf  the  hypophosphitf  *'• 
iron  is  undoubtedly  due  to  the  metallic  ion. 

PlIKt'A  RATIONS. 

Sodii  H^fpophortpki*  (NaOPHjt)  (L\  S.  P.,  B,  P.),  0.2-0.6  G.  (3-10  grs.)- 
Potoiisii  Hiti^>p}uwphiH  (KOPH^O)  (U.  S.  P.),  0.2-O.fi  (\.  (8-10  grs.). 
CWctV  Htjj,'oph(»*phin  (Cu(UPH..O)J  fU.  S.  P.,  B.  P.).  0.2-0.6  O.  (8-10  gT^-^ 
J^rri  Hfrpifph^^hiA  (Fe,(OPH;0),)  (U.  3.  P.),  0.2-O.tiO.  (»-lO  grs.). 
Aciditin  H'jpnphoKphoromm  (U.  8.  P.).  O.ftcc.  (8  mins.).  ^ 

Sifrupti»  Hi/pophoftphifttm   (II.   S.    P.)   contains    tbe  byphophosphite*  of    ^!gm 
cium,  potjissiuin,  sndinm,  free  hv|>opho»phoron»  ucid,  spirit  of  lemon  and  n*^^ 
4-Sc.o.  (1-3  fl.  dr».V 

Sifrnpiui  ffijpophosphihrm   Oompotn'fM  (V.  !^.  P.)  conlulns,   in  addition  to  _J 
con!«titueutti  of  the  above,   iron,   manganese,   quinine,  stn'obnine,  nnd   stuJ* 
citrate.      8  c.o.  (2*1.  dn*.). 

Therapeutic  ITses. — The  hypuphosphites  are  mmh\  in  weakne.'^  aitd     *^ 
chexia.  and  especially  in  commencing  phthijai?  and  antemia.     Tbe  synip  **"'_, 
or  withont  iron  i^  the  form  in  which  they  are  inviiriably  prescribo*!.     TM** 
is  n  popular  belief  UkiI  they  imi)rove  digestion   nnd   nutrition,  but  most     *"  j 
liable  investigators  deny  that  they  have  any  other  influence  than  Ibo  be**^ 
known  nnd  cheaper  salts  of  iron,  calcium,  et<!. 


SALiyE  VATUAUTICS. 
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Xm.     SALIKE    CATHARTICS. 

Dilute  solution!?  of  .such  salts  iH  tin?  ohlorides,  iwiides  and  bromides 

the  alkalies  are  absorlied  rapidly  from  the  alimruliirv  canal,  Imt 

ie  of  the  other  salts  ^^f  these  metals  apparently  penueate  the  epi- 

icliuni  with  g^rcHter  ditlicultVi  and  their  solutions  thenifore   remain 

uuabeiorhed  for  a  loug(.>r  time  in  tlie  intestine.      Ijittle  i^  known  of  the 

of  these  sidts  in  the  tissues,  but  their  action  in  the  iutestine 

to  their  llierapentio  use,  an<l  they  may  therefore  Ik»  claswHl  to- 

gethtT  as  the  aniinc  cathartic*,  in  order  to  distinguish   them   frum   the 

rapidly  absorbwl  ^yilts^  such  as  the  chlorides,  or  bromides.     The  chief 

«■]!«  of  lUKliuru  and  ]H)tas.sinm  which  have  this  intestinal  action  are  the 

•nlphatcii,  phosphates,  tartrates  and  citrates  ;  less  kuown  oucs  arc  the 

nulalt^  and  ferroeyaniden. 

It  i«  manifest  timt  tlie  peculiar  effect  of  these  Baits  is  due  to  the 
acid  constituent,  tir  anion,  and  not  to  the  base  or  kation,  for  the  latter 
may  l»e  present  in  Readily  absorbable  salts,  such  im  cldorides.  All 
<»nibiRatioufi  in  which  the  sulphate,  phosphate^  etc.,  ion  is  found, 
then'fore,  are  l»?ss  eiwily  alworbcil  than  the  corresponding  ones  with 
bnimide  i»r  chloride  ion.s.  But  these  cathartic  anions  are  only  weakly 
active*  and  nn  prunotinced  difference  can  be  observed  in  the  action  of 
chloritlt*^  and  siilphatfs,  unices  tho  salt  can  be  given  in  large  qnanti- 
tieSy  AS  \a  p(»ssible  in  the  case  of  the  salts  of  the  alkalies.  The  efiects 
the  sulphate  and  hydrochlorate  of  morphine,  for  example,  maybe 

Evn  as  i<h'i)li<^l,  l)ecaufte  the  anion  is  prt^seut  iu  so  small  amount  as 
to  l>e   practically  inert. 

Ttie  chloride  ion  is  rapidly  absorbe<],  as  is  seen  in  the  case  of  sodium 
(2hlaricle.  Yet  when  the  chloride  of  magnesium  is  administered,  it 
ififlKppcairs  only  very  slowly  fnjm  the  bowel.  Tt  would  seem,  tliere- 
fere,  that  the  magnesium  is  also  mtirc  slowly  ahsorlx'd  than  the  sodium 
and  (totassium  ions,  atni  that  rathartie  action  can  l>c  obtained  from 
vither  bnsic  ions  (katiuns)  or  from  acid  ions  (anions).  When  Iwth 
ioos  of  a  salt  are  slowly  absorbed,  the  cathartic  is,  of  course,  more  power- 
ful than  when  one  is  rapidly  absorbed.  Thus,  magnesium  sulphate  i» 
a  murv  powerful  purgative  than  either  magnesium  chloride  or  sodium 
eidphatc,  becuase  in  the  tirst  lK>th  ions  ar(>  diHicult  of  absorption,  while 
ID  the  uthera  only  one  is  cathartic.  It  seems  prt.ilxible  that  all  the 
alkaline  earth  ions  resemble  magnesium  in  |}ernieatiug  the  epithelium 
w\k\\  dilViculty. 

Tlve  chief  saline  cathartics  uswl  in   therapeutics  are  the  tniiphaie  of 

imvfinni  {(fhiul>or's  salt),  the  Hulphftte  of  mtufiuHinvi  (E[»som  salt),  the 

^_    dt*i*biit  fariffitf  of  sodium  ami  pof/rjisinm   (Rix'helle  salt)  and   the  ci- 

^M  tr%Ua  of  yiAwmum  and  mofpiegium.     In  addition  the  oxide  and  oar- 
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bonate  of  ma{/nemam  have  some  purgative  action  from  being  formed 
into  soluble  salt^s  in  the  stomach  and  intestine.  But  besides  these 
many  otiier  salts  arc  slowly  absorbed  and  might  therefore  be  used  for 
this  purpose.  Thus  the  sulphates,  citrates,  or  tartrates,  of  any  of  the 
alkalies  or  of  the  non-poisonous  alkaloids  might  be  used  for  this  purpose, 
provided  they  are  soluble,  and  any  of  the  rougnesium  salts  might  be 
used  in  the  same  way. 

Symptoms.  —  The  external  application  of  solutions  of  the  saline 
cathartics  has  the  same  effect  as  that  of  any  other  indifferent  salt,  such 
as  sodium  chloride  (see  page  491). 

Most  of  the  cathartics  have  a  harsh,  bitter,  nnpleasant  taste,  and 
when  taken  in  concentrated  solution,  may  induce  some  nansea,  partly 
from  the  taste,  and  partly  from  their  effect  on  the  stomach,  which  is 
the  same  as  that  of  solutions  of  sodium  chloride  of  similar  concentrft- 
tion.  Dilute  solutions,  however,  provoke  no  such  symptoms,  but  after 
one  or  two  hours  induce  a  profuse  watery  evacuation  of  the  bowels. 
This  is  sometimes  preceded  by  some  pain  and  griping,  but  these  are 
not  nearly  so  frequent  or  so  severe  as  after  the  vegetable  purgatives. 
Not  infrequently  the  urine  is  increased  in  amount  afterwards,  or  it  may 
be  found  to  have  an  unusually  high  percentage  of  salts.  If  a  moderate 
quantity  of  a  dilute  solution  be  given,  only  one  evacuation  follows,  bnt 
large  doses  of  concentrated  solutions  induce  repeated  stools,  which  at 
first  contain  some  fsecal  matter,  but  later  consist  mainly  of  bile-stained 
mucous  fluid. 

Action:  Zntestine.  —  The  explanation  of  the  action  of  the  saline 
cathartics  has  lxK?n  much  debated,  and  the  details  have  not  even  yet 
been  entirely  settled.  One  point  is,  however,  perfectly  certain  —  the 
saline  cathartics  differ  from  the  vegetable  purgatives  in  not  inducing 
irritation  of  the  intestine,  unless  when  they  are  given  in  very  large 
quantities.  The  characteristic  effect  is  not  irritation,  but  retarded  ab- 
sorption. If  a  solution  of  sodium  chloride  isotonic  with  the  blood 
serum  bo  administered  by  the  mouth  to  a  dog  with  a  csecal  fistula, 
little  or  none  of  it  reaches  the  wound,  as  it  is  all  absorbed  in  the 
stomach  and  small  intestine.  If,  on  the  other  hand,  an  equal  amount 
of  an  isotonic  solution  of  sodium  sulphate  be  administered  in  the 
same  way,  the  most  of  the  solution  escapes  by  the  fistula,  only  some 
10-i^O  per  cent,  having  been  absorbed  by  the  stomach  and  small  in- 
testine. In  a  normal  dog  or  in  tlie  human  subject,  a  much  laiger 
amount  of  fiuid  therefore  reaches  the  large  intestine  if  sodium  sulphate 
be  dissolved  in  it  than  if  sodium  chloride  be  used  instead.  The  con- 
tents of  the  large  intestine  are  consequently  more  fluid  than  usual,  and 
are  passed  down  more  easily  towards  the  rectum.  At  the  same  time 
the  weight  and  distention  of  the  Iwwel  induces  increased  peristalsis 
and  the  whole  is  evacuatc<l.  This  increased  peristalsis  is  due,  how- 
ever, not  to  any  irritant  action  such  as  has  been  found  to  be  induced 
by  rhubarb  or  croton  oil,  but  to  the  large  amount  of  fluid  contents. 

If  a  weaker  solution  of  sodium  sulphate  is  administered,  the  only 
difference  is  that  more  of  the  fluid  is  absorbed  and  less  reaches  the 
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inU^tioe ;  but  however  weak  the  solution,  more  of  it  reaches  the 

intfvtine  than  if  a  corr(.>spondiugly  weak  eolutioD  of  common  salt 

bwn  jrivun. 

If  a  hy|H?rtoniu  nilution   be  administered,   the  effect  is  somewhat 

diffeivnt.      The  salt  is  still    unabsorbe*!,  but  it  draws  fluid   from  the 

blood  into  the  Ijowel  frrim  its  haviug;  a  hijrlier  or*molic  pressure  than 

the  blood.     A  similar  draiuing  of  the  body  fluids  occurs  when  con- 

cwjtratod  solutions  of  comiuou  salt  reach  the  lw>wel,  hut  the  cathartic 

saltd  are  much  more  powerful,  I>ecaii8(!  they  do  not  ]>ass  out  of  the  bowel 

iuto  the    bhN»d    so   easily.      Instead  of  an   cxchangp  of  salt  and  fluid 

beio^  earned  on  by  the  blood  and   intestinal  conteub;,  th(^  bhKKl  gived 

up  iu  fluid  without  any  suflioient  compeusation  in  salt.     Eventually 

the  intestinal  fluid  b(»coines  isotonic,  and  then  some  absi>rpt.ion  of  lw>th 

s&lt  and  fluid  occurs  ;  in  fact,  some  salt  has  bet^n  abs4>rbed  all  along,  as 

thf  epithelium  is  not  absolutely  impermeable  to  the  cathartics.     But 

•Ticb  lt*w  of  the  sulphate  is  abstirbe<l  than  of  the  chloride  ^iven  in 

rial  ojucentration,  aud   :h  a  general   rule  a  strong  solution   causes 

«ich  an  ac4MHnulation  of  fluid   that   the  bowel  becomes  distended  and 

fvttciiali^  its  coiiteutH.      lt\  howevir,  froni  any  wiuse  this  fails  to  occur, 

a  fTTudual  absorption  follows  and  the  whole  of  the  suit  and  fluid  in  the 

Iwvrel  Is  alisorlHHi.      Thej*e  salts  may  fail  to  juirge,  for  example,  when 

thr  bl(HKl  and  tissues  ooutain  very  little  flui<Kus  in  animals  which  have 

been  deprived  of  water  for  several  days  previously.     Tn  this  case  the 

(iMaulio  pn'ssure  in  the  lx»wel  is  unable  to  draw  fluid  fn»m  the  coneen- 

tnt«d  htotid,  which  on  the  other  hand  has  a  higher  attraction  for  the 

imd  in  the  Iwwel  than  usual.      But  wheri!  large  ipiautities  of  fluid  are 

pr«*nt  in  the  tissues,  as  in  'xnlema  and  dropsy,  the  sahuc  cathartics 

di«iu  tliem  through  the  bUnxl  into  the  imwel,  and  ver%'  profuse  evacu- 

•ti«n  ocH-urs,  with  the  disapiw-'arance  of  the  exudate. 

There  is  still  some  doubt  iis  to  why  the  saline  cathartics  are  so  slowly 
ilMurixMl  from  the  intestines,  but  the  most  widely  accepted  view  is  that 
Uht  fiiil  Ui  jicnutnite  intu  the  cell,  cxaetly  as  the  salts  (d*  the  mi'lals  fail  to 
pai?lnite  I  he  nnl  IiIo^kI  eelU,  that  ilieie  is  a  distinet  a  Itiniiy  between  the 
hi'wd  epithelium  aud  the  chloridi:  «»f  stnlium,  but  only  a  mueh  weaker  one 
WtWMii  it  and  the  wilharties,  which  therefore  fail  to  permeate  it.  The 
ltts^)tam*  of  this  view  drj«'3  not  involve  the  rejection  of  the  Iwlief  tlwt 
thr  cell  is  actively  cugagetl  in  absorption,  for  it  is  diflicult  to  explain 
^•solution  after  penetrating  the  superficial  layers  of  the  epithelium 
tipUMd  on  fmm  tliem  to  the  bltM)d  except  by  assuming  that  the  cell 
MErci»»some  ppopelling  force,  which  maybe  cxertcfl  only  during  its  life* 
The  further  question  arises,  why  the  intestinal  epithelium  should  be 
pcnMsble  by  certain  salts  such  as  the  chloride  of  sndium  and  imper- 
Qetble  by  others  (sulphate  of  ^oilinmV  In  this  relation  it  has  been 
'wKlby  IIofmeistiT  and  Pauli  that  the  purgative  sidts  have  a  greater 
*«iidpncy  Ut  pretripitate  priHeitLs  and  have  less  tendency  to  i^nneute  iuto 
oih'rpinized  colli>ids  than  nirnt  of  the  non-purgative  .-salts.  In  numer- 
•w^vrtber  in<titnce^  the  sulphates,  tartrates,  and  <ither  witharlic  anions 
^^wt>vocl  slower  in  ixjrmeatini:  ii 


permeating  into  living  cells  than  the  chlorides 
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and  bromides,  and  their  effects  on  the  blood  cells,  muscle,  nerve,  sn 
some  other  tissues  show  marked  deviations  from  those  of  the  haloge 
salts.  It  is  impossible  to  determine  at  present  how  far  the  action  o 
these  anions  is  explained  by  their  slow  permeation  and  how  fer  a  moi 
specific  action  is  involved,  but  there  can  be  no  question  that  theforaw 
factor  is  the  predominant  one  in  many  of  these  reactions.  Anotb 
curious  relation  between  the  purgative  anions  is  tliat  their  cs\d\i 
salts  are  all  very  much  less  soluble  than  those  of  the  salts  which  pen 
trate  the  epithelium,  but  whether  this  is  merely  a  coincidence  or  not 
uncertain.  Most  of  the  catliartic  anions  are  bivalent  or  trivalent,  I 
this  is  not  true  for  all  of  them,  for  the  higher  members  of  the  aoet 
series  are  absorbed  with  the  greatest  difficulty  by  the  intestine. 

The  saline  cathartics  induce  certain  changes  in  the  Blood  iudirec 
through  their  action  on  the  intestine.  They  prevent  the  absorption 
the  fluid  of  the  food,  or,  if  in  sufficient  concentration,  actually  dr 
fluid  from  the  blood  and  tissues  into  the  bowel,  and  under  both  con 
tions  the  blood  becomes  more  concentrated  than  usual ;  in  the  i 
case  because  it  is  not  reinforced  by  the  usual  amount  of  fluid  from 
food,  in  the  second  because  it  actually  loses  fluid  into  the  intesti 
This  concentration  of  the  blood  leads  to  a  sensation  of  thirst,  and  t 
lessened  excretion  of  fluid  by  the  kidneys  and  other  glands. 

A  certain  amount  of  salt  and  of  fluid  is  absorbed  from  the  intesti 
unless  purgation  follows  very  rapidly,  and  this  salt  acts  in  the  hi 
and  tissues  in  the  same  way  as  the  salts  which  do  not  act  as  catharl 
When  very  dilute  solutions  of  these  salts  are  given,  therefore,  the  ei 
is  similar  to  that  of  ordinary  salt,  except  that  the  hydrsemia  and 
diuresis  do  not  follow  so  soon,  because  the  absorption  is  somev 
slower.  Stronger  cathartic  solutions  at  first  cause  a  concentratioi 
the  blood  and  lessened  urine,  but  afterwards  the  excess  of  salt  id 
blood  may  cause  diuresis.  The  greater  the  pui^tive  action,  the 
the  diuretic,  because  more  fluid  and  more  of  the  cathartics  are  thi 
out  in  the  stools.  If  no  purgation  follows  for  any  reason,  as  whet 
blood  has  been  concentrated  by  long  abstinence  from  water,  the  w 
of  the  salt  eventually  passes  into  the  blood  and  is  excreted  by  the 
ney,  and  may  cause  very  considerable  diuresis  and  a  still  further 
centration  of  the  blood.  Tlie  sulphates  are  absorbed  by  the  epithe 
of  the  renal  tubules  with  much  greater  difficulty  than  chloride, 
thus  offer  osmotic  resistance  to  the  absorption  of  the  fluid  in  the  tubi 
sulphates  absorbed  into  the  blood  therefore  induce  a  more  diffuse  din 
than  an  equal  amount  of  chloride,  but  loss  of  the  former  rcache 
blood  generally,  so  that  the  chlorides  are  better  practical  diuretics 

From  the  above  it  can  be  at  once  inferred  that  a  saline  catharti 
jccted  intravenously  causes  no  purgation,  for  instead  of  preventing 
passage  of  fluid  from  the  bowel  into  the  blood,  it  rather  encouragt 
absorption  by  increasing  the  osmotic  pressure  of  the  blood.  And 
has  been  shown  to  bo  the  <ase  by  repeated  experiment.  One  fact  w 
seems  to  l)e  opposed  to  this  explanation  is  that  the  saline  catha 
sometimes  cause  purgation  when  injected  in  very  small  quantity 
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tbe  ^U*iituuo<m.«  tissues  of  the  nlxltimoti.  But  thii^  ia  duo  not  to  the 
•■'■■■'■f\r  at'tinii  of  tht*  ilru»r,  !>ut  to  itw  causing  pain  niul  intlu-raiiiatitm, 
L  1  til  tlict  uftiujj;  US  a  countor-Imtimt  ( IIa\  ). 

rheMatoment  is  sometimpa  made  that  the  salino  cathartics  act  as 
4J)o^t))i^uc8,  i.  (U,  increuso  the  secretion  of  bile,  but  this  has  been  nhowii 
III  he  errrjDcous  by  a' aeries  of  careful  observutions. 

The  Temperature  is  often  somewhat  reduced  i)y  the  action  of  the 
aliin' auhartit*^,  but  sehloni  more  than  one  half  degrce. 

The  hahitiiul  use  of  valine  raithartic^  \&  often  efficient  in  Reducing 
tbi  W8l|ht  in  obesity,  aud  niuny  of  the  nutui-al  mineral  waters  have 
a cooidderftble  reputation  in  the  treatment  of  such  eases.  The  way  in 
tliich  they  act  U  not  luidersttHxl,  for  thou«;:h  there  is  often  fiomewhat 

Bsprrtteid  and  fat  absitrbed  from  the  intestine,  this  appears  too  small 

iccoimt  for  the  loss  in  weight.  There  seems  no  reason  to  suppose 
'titti  lay  marked  change  in  the  nitrogenous  raetal>idi.-<m  i;*  induced  by 
tiiecathiu'tics.  for  the  nitrogen  in  the  nrioc  is  often  pniclieally  unal- 
laed  in  amount.  The  only  remaining  explanation  of  the  ettieiency  of 
th»  salts  in  obesity  is  that  tliey  increase  the  oxidation  of  the  fats  of  the 
body, prc5uraably  by  altering  the  movements  of  the  body  fluids.  This, 
howrver,  n*  only  a  surmise  which  as  yet  is  unsupported  by  known  (ivcls. 

Vhoii  purgation   follows  the  adnnnistnUion  of  a  sidiue  cathartic, 

jibe  most  of  tlie  Rult  escapes  in  the  fteces,  never  having  been  absorbed 

When   the  salt  fails  to   purge,   however,  an<l  is  absorbed,  it 

?nfocs  the  usual  exchanges  in  the  tissues  and  is  excreted  by  the 
nne.    There  is  no  n-a-son  to  sup|x>se  that  any  of  it  appears  again  in 

lilomach  or  intestine. 

Thv  Sulphates  seem  tu  ptves  through  the  tissues  without  injuring  them, 

Id  Inu  Uitle  ellVcl  is*  olw(.'n,'ed  from  injecting  conmdemble  quaotitioH  into 

blwxl.     When  the  j^utphate  ion  is  combiuf'il  with  a  poisonous  htLse  suoh 

putawaim  or  magnesium,  the  injertion  \a  of  roursB  foUowod  byeharacter- 

***r  «Tmi)touiH;  but  tlu*  ituiun  scorns  to  Ik*  coinpanitively  hnnnIi'>J4. 

Til*-  Aosphates  uro  al.^>  very  inactive  aftor  absortditMi.     (iaiiipeo  fumul  tbe 

'*'l^*H-h'-*l>!i,it<'  i\\i\U*  hiiriii k>j<?,   while  the  ni(^tapho?*ithate«  and  pyn)pho»tphaU'*i 

*^  [•iiwiuou*4,  m<iri'  i'ft]u'<'ially  tlit-  Iiist,  whi-n  injcfteil  HulK-iilnneously  or  inlru- 

^^■•oiuK*.     PhiMpliiiti*:*  iibsfjrbt'd  in  miin  and  In  tin;  <*jinilvf»ni  an*  oxcn-tiHl  by  the 

"'■  un'a-^'  t!n'  iK-idity  of  the  urine;  in  the  herbivuni  tht*y  are  excretwi 

**'  V  the  Ixtwtd  wall, 

i  a.-  Cttratea  aro  rapidly  oxidized  in  the  tissue**  to  carbonates,  and  only 

^^VN^i  (»f  thi>  um'liiin>;itl  salt  escape  in  the  urine.     The  urine  may  thus  he 

^^M^derrd  alkaline  by  lUi*  ailministnition  of  (ho  citrates,  csptTinlly  in  }«maU 

^^^^KlitJtieR  which  are  in-iuflirit>nt  to  induce  purgation  (spo  hydrates  ami  rar- 

^^^^^tM  of  the  alkalies^  paj»e  544).     Tlie  Tartrates  are  more  slowly  oxidized, 

?'*«1  A  ronsidenible  qimnlily  is  excreted  in  the  nrine  imeban^ed.'     Iiyeeted 

'^t^i  lire  bltx^d  dirtH'tly,  tbe  eitrj»l<?g  and  tartmles  seem  to  act  as  heart  poist^ns, 

^H  \vr\  little  is  known  in  re^ar*!  to  this  |Mtint. 

The  Blagneailun  Salts  first  aeeelerate  and  then  weaken  and  paralyxc  the 

[•3%n  iimi  depress- Tlie  eeiitra!  ner^'oiis  system,  when  they  are  iiyeoied  into 

'tit  indiu-e  no  a.yniptoius  when  they  are  ab:M>rbe<l  from  the  intes- 

ire  pr»»b«bly  rapidly  excreted  by  the  kidneys.     The  maKiK'sium 

iar  iiooc  iscertiiinly  inorviised  by  lite  administration  of  the  ^altit  b>  the 

tq^VciAlly  if  they  fail  to  pur^,  but  it  is  possible  that  some  nf  the  mug- 

b  excreted  by  tbe  Uiwel,  and  it  lio^  been  reeejitly  suggested  that  it 
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and  broinides,  and  their  eftbcts  on  the  blood  crells,  mv  J 

some  other  tissues  show  marked  deviations  fitmi  th«  '«[ 

salu.     It  i.s  ini|)o.ssible  to  determine  at  present  h'  ^^ 

these  anions  is  explainiHl  by  their  slow  pernicutior 
sjKH'iiie  action  is  involved,  but  tlicre  can  l>e  no  r  .. 

faot<tr  is  the  predominant  one  in  many  of  t'  ',    - 

curious  relation  between  the  purgative  an'  ...   ,. 

salts  are  all  ver>'  much  less  soluble  than  t'  '  . 

tratc  the  epithelium,  bnt  whether  this  is  ..'"   "         j] 

uncertain.     Most  of  the  eattmrtio  anio'  V*  ""  \.^    „/,i, 

this  is  not  true  for  all  of  them,  for  t»  .  ;:*'^'"'^ '';**'*^  |'l  J 

series  are  absorbed  with  the  greater  '  ''"^^0     ■*^"*^  V^r -S.^ 

The  saline  cathartics  induce  ce-  .  ."*-^  .^'««f  '«''  *"  **'*^  **'"^* 

through  their  action  on  the  intef  "'""fe' '»  obstruction, 

the  fluid  of  the  food,  or,  if  ir 
fluid  from  the  blood  and  tiw       ■  '-^'^ ><»'^- 

tions  the  blood  becomes  r        .  Glauber^s  salt  (Nn,SO,,  10H,O),  ^^^ 
case  because  it  is  not  rdn       -  ••'*  ^'-  (•*'>  t^rs.-l  oz.).  , 

food  in  tlie  second  bee     •  ■■  "•  ^  >'  ^I*"""^  ^^^^  (MgSO„7II,0),  sc' 
This  oonoentration  of         ^  j.^  i_4  ^^  (ir>-GO  j^ts.). 
lessened  excretion  of      *  ,'  trith  a  hni-sh,  bitter  U\^W. 

A  certain  amoui        ."i".  »■  !'•)  (Na.Hl^o,  i  l:iil,()),  f?olublc  in  iiP 

''£^,^^^'^  '  ;,y't^^:A^^\mp^,  1-20  c.  (1^300  ,r- 

ana  tissues  in  t       ;  ■  ^^-.^  ^vith  a  co(.l.  wilinn  tasto. 

when  very  di      .  t.      ..>  Compwifun  (l'.  S.  P.)  contains  sixiimn  nitrat* 

ia  similar  to     . ;.  '.    .  c-  "•  'lr-<.y 

diuresis  dv  *'*■  -  ■■'''"*  ('^-  ^'  ^•)'  <l"<-'l  f«><Iiiini  jilmsphatf.  1  (t.  (lo  j^ 

slower  '•■  "'  '*■•  ^'  ^^'^'  ^''^'<'««"'  Tarira^  Acidun  (B.  P.),  cmuuof  t- 

, ,      , ,  ■  .    ■•*'    .  ,l'>-fiOf;rs,). 

the  Woo     ,^f  ^  ...  rAKTKAs  (V.  8.  P.),  Soda  Tartarata  (B.  P.).  Roc: 

blood  I     iffij^  ■■  ^    41L()),  j?oIubIe  in  1. 1  partH  of  eohl  water,  8-lU  G.  ( 

the  d'      /^.i'^"'"" 

out  ?       *'■-       ••*"''•  ^*'»  ((f'lI<>").«'00Ky.H..O),  80-240  prs. 

;*;>    .tf  .r.  ri.  I*.,  n.  p.)  ("(\h,<hi('c<>(>K),).  i-s  g.  (ir.-4.'i  gw. 

^^   _,  ^r.  S.  I'.,    H.   p.)    (Cyi,01HlH)0Lij,4H,0),  0.3-O.ti  G. 


.• 


bio 
of 

n       ,'r  ^  y-  ^-  y-^  (-'*^u,0ii(r<)OXa),  f- 1  iir.,0),  1-3  G.  i i.V4r>  gn 

,  "»►    ^..,:  sill''  with  a  cool  fwilinc,  (»r,  in  the  case  ot  tlu'  liitartruto,  auidi 

"**.^i.ir»-  iill  very  solulilc  in  water,  i-xtcpt  the  hitartratr.     Tho  cit 
w"     ^sati^''  in  tlic  (Inst-  trivt-n. 
»"  "xv<i  »>MinrM  {V.  S.  p.,,  Ma(;m:sia  Lnvis  (IJ.  P.i,  litrht  or  cah 

»«*^S*l^  P<»M>i:itOSA  (U.  P.).  AlA)JNI>tl  OMKIM  PoNUKliOSlM  iT'.  S. 

\',ug:mvia(.M-n.. 
*r'^^xb>*ii  CAKiii.NAs  iV.  S.  P.)  f(M;:r<)..i,M;:fOH)„  -  5IT,0). 

j(ii^s»'  all  funu  white  anmrphoiis  powdci-s  with  an  earthy,  not  saline,  ti 
^s  jirt'  iiiHilulile  in  watir.  hut  thi-  earhniiate  is  dissolvtMl  bv  excess  of 
^^vat'id.     O.n-4  G.  (5-(;o  ;ri-s.V 

;i^«i""  Miiifiitsii  (\(rfn,nitf/!t  (P..  p  ).  fhiid  nia^niesia.  contains  2  per  c 
^*  ^tirbniiate  nf  inagU4sia  (li>soIveil  l»v  tin-  presenee  c»f  oarlH>nic  aeid. 
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jtuhrutjiiieotm  tit^uoH  of  the  alKlomcii.     Rut  this  ih  chir  not  to  the 

Ffitii*  nriimi  of  the  dniii;,  but  to  it*,  r;ui>iiJK  l>ahi  and  iudamination, 
iwl  in  iact  uuiing  a8  ii  couiiter-irritAiit  (Hay). 

The  hUiteraent  is  sometimes  made  that  the  sulinc  cathartics  act  as 
'eholagogucs,  /.  «■.,  increase  the  secretion  of  bile,  but  this  has  been  shown 
toW  erroneous  by  a' series  of  caivful  observations. 

Tbe  Temperature  is  often  somewhat  reduced  by  the  action  of  the 
saline  csilhartics,  but  sehlom  more  than  one  half  degree. 

Thf  habitual  use  of  saline  cathartics  is  often  etHcient  in  Reducing 
the  Weight  in  obesity,  and  many  of  tlie  natural  mineral  waters  have 
a  considerable  reputation  in  the  treatment  of  such  eases.  The  way  in 
whicli  tliey  act  in  not  miderstoLxl,  for  though  there  is  often  humcwhat 
less  imjteid  and  fat  absnrbed  from  the  intestine,  this  appears  too  small 
toaeoount  for  the  loss  in  weight.  There  seems  no  reason  to  suppose 
ihatuny  marked  chautre  in  the  nitrogenous  motalx)lism  is  induced  by 
tbe patfuirtics,  for  the  nitrogen  in  the  urine  is  often  practically  unal- 
tered in  amount.  The  only  remaining  explanation  of  the  etfirioncy  of 
\\\vif.  silts  in  obesity  is  that  they  increase  the  oxidation  of  the  fata  of  the 
!y, presumably  by  altering  the  movements  of  the  bwly  fluids.  This, 
a<t\*'t!ver,  is  only  a  surmise  which  as  yet  is  nnsup|Hirted  by  known  facts. 

When  purgation  follows  the  administration  of  a  saline  cathartic, 
the  mfiet  of  the  salt  escapes  in  the  fieces,  never  having  been  al>8orbed 
at  all,  When  the  salt  fails  to  purge,  however,  and  is  absorbed,  it 
Dwiergoes  the  usual  exchanges  in  the  tissues  and  is  excreted  by  the 
nrine.  There  is  no  rc^ason  to  suppose  that  any  of  it  ap{)earg  again  in 
^'stoiuach  or  intestine. 

Tlie  Snlphates  seem  to  pass  thi-oiigh  tho  tissues  without  iojuring  them, 
Wd  but  little  t'llccl  is  oljser\'ed  from  iiijevtiug  considerable  quuntilie^  into 
"lo  blood.  When  the  sulfihat«  iou  is  cc)mbiue(i  with  a  p<iisonous  base  auch 
'"potMitium  or  magnesium,  tht*  ihjfrtion  is  uf  course  followed  by  chanicter- 
'"ltc«jr]^,tomjB;  but  ibf  urjioti  hwius  in  bi»  companitivt'ly  Imrmlc.iH, 

Thi'  TaOBpliates  Hro  alsi  very  iuuL'tivc  aflt-r  absorption,  rtauigec  found  the 
ftfthnjib'f^phiae  quite  harmlo8i>,  whih*  tht-  inetaphfu^pbiitert  and  pyroidiosphates 
*"  |>(>i^i)rtu.s,  UMire  (Mpociiilly  thft  last,  whon  inji'<*ti-(l  >'ulM'tilaneitUf*ly  or  intni- 
•^'IIbIv,  PI)ort|diati'?(  alwnrbcd  in  miin  and  in  tlio  onrnivorii  firc  f*^crpt<^(l  by  the 
*'<lnn')md  incn-MiMf  ibf  acidity  of  the  urine  ;  in  the  herbivoru  they  are  excreted 
♦icltt-iivfly  by  the  bowel  wull.' 

The  Oitratea  are  rapidly  oxidized  in  the  tissues  to  carbonates,  and  only 
'*»CBg  of  the  unchantffi'd  salt  escape  in  the  urine.  The  iirine  may  thnw  he 
fpndorerl  alkaline  by  the  udministrutiun  of  ibe  eilratc^.  espeoially  in  small 
fl'l'^ntitie;*  which  are  in-iullicient  to  induce  purpttinn  (see  hydrates  and  ear- 
"'nalesof  tho  alkalies,  page  54-4).  Tbe  Tartrates  are  more  slowly  oxidi/X'd, 
P**!  n  considerable  qnanlity  is  exereted  in  the  mine  nnrhanpei.'  Injected 
J^^  thu  blood  directly,  tho  citrates  and  tartrates  SL-em  to  »ict  as  heart  poisons, 
Very  little  \»  known  in  rujfard  to  this  point. 

be  Magnesium  Salts  hrai  a(x*e1erate  and  then  weaken  and  pamly/.e  the 

and  tiepress  the  central  nervous  sy.'<tem,  when  they  are  iiyected  into 

,  but  induce  no  symptoms  when  they  are  absorbet!  from  the  intea- 

Ifttheyare  probably  rapuUy  excreted  by  the  kidneys.     The  luugnusium 

enrine  is  certainly  increutied  by  the  U4luiiuiijtratioti  of  the  salts  by  tbe 

ith.  especially  if  tlu-y  fail  to  purge,  but  it  is  possible  thai  some  of  the  uiag- 

Uin  is  excreted  by  the  bowel,  and  it   has  |>een  recently  suggested  that  it 
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may  appear  in  the  milk.  In  the  frog  the  salts  of  magnesium  are  said  to 
paralyze  the  striated  muscles  in  the  same  way  as  those  of  potaaaum,  but 
no  Kuch  elFeet  is  induced  in  mammals  even  hy  intravenous  injection,  the 
animal  dying  from  the  action  on  the  heart  and  nervous  system  before  the 
muscular  action  is  elicited. 

The  oxide  and  carbonate  of  magnesium  differ  from  the  other  saline 
cathartics  in  being  very  insoluble  and  in  possessing  an  alkaline  reac- 
tion. Part  of  that  ingested  is  formed  into  magnesium  chloride  lix  the 
stomach,  however,  and  the  carbonic  acid  present  in  the  intestine  may 
dissolve  part  by  forming  the  bicarbonate.  Their  alkalinity  serves  to 
remedy  any  excessive  acidity  of  the  stomach  or  intestine,  while  at  the 
same  time  they  are  mildly  cathartic.  (See  page  541.)  The  prolongeil 
use  of  large  quantities  of  magnesia  has  in  some  cases  led  to  the  forma- 
tion of  large  concretions  in  the  bowel,  resulting  in  obstruction, 

Prepakatioks. 

Souii  8ULPHA8  (U.  S.  p.,  B.  p.),  Glauber's  salt  (Na^,,  10H,O),  soluble 
in  ahout  3  parts  of  cold  watt'r,  2-30  G.  (30  grs.-l  oz,). 

Magnesii  Sulphas  (U.  S.  1*.,  B.  P.),  Epsom  salts  (MgSO^THjO),  soluble 
in  H  i)arts  of  cold  water,  2-30  O.  (30  grs.-l  oz.). 

Potamii  Sulphas  (IF.  S.  P.,  B.  P.),  1-4  G.  (15-60  grs.). 

These  arc  crvstailine  salts  with  a  harsh,  bitter  taste. 

Soi>ii  Phosp'has  (U.  S.  p.,  B.  P.)  (Na^HPO^  -{-  12H,0),  soluble  in  about  6 
parts  of  cold  water,  1-30  G.  (15  grs.-l  oz.). 

Sodii  Fyrophottphas  (U.  S.  P.)  (Na.PjO,  +  10H,O),  1-20  G-  (15-^00  grs.). 

These  are  crystalline  salts  with  a  cool,  valine  taste. 

Lii/nor  Soda  PhoxpkaHs  Compo^ifm  (U.  8.  P.)  contains  sodium  nitrate  and 
citric  acid.      Dose,  S  c.c.  (2  fl.  drs.). 

Sodii  PhfiHph/i*  Ernifcn^uJi  (U.  S.  P.),  dried  Imodium  phosphate,  1  G.  (15  grs.). 

Pofanaii  Bitarfras  (U.  S.  P.),  Potami  Tartras  Acidua  (B.  P.),  cream  of  tartar 
(KHC.H.O,),  1-4  G.  (15-60  grs.). 

PoTAiisii  ET  Sodii  Tartras  (U.  S.  P.),  Soda  Tartarata  (B.  P.),  Bochelle 
salt  (KNiiC^Hp,  I  4HjO),  soluhlo  in  1.4  parts  of  cold  water,  8-16  G.  (120- 
240  prs.). 

Potw*ifil  Tartras  (B.  P.)  ((CH0H)j(C0OK),H,O),  30-240  grs. 

PotasttH  Cifraa  (U.  S.  P.,  B.  P.)  (C3H,OH(COOK)5),  1-3  G.  (15-45  grs.), 

Lithii  Vitras  (U.  8.  P.,  B.  P.)  (C,H^0H(C00Li),4H,0),  0.3-0.6  G.  (5- 
10  srs.). 

Sodii  Cifras  (IT.  S.  P.)  (2C3H,OH(COONa),-}-llH,0),  1-3  G.  {15-45  grs.). 

These  form  salts  with  a  cool  saline,  or,  in  the  case  of  the  bitartratc,  acidulous 
ta>*tc.  Thoy  are  all  very  soluble  in  water,  except  the  bitartrate.  The  citrates 
arc  not  purgative  in  the  dose  given. 

Magnekii  OxiDUM  (U.  IS.  p.),  Maoxesia  Levis  (B.  P.),  light  or  calcined 
m:iiriiesia  (MgO), 

MA(iXi:siA  PONDEUO-SA  (B.  P.),  MaWNRSII  OXIDILM  PONDEROSITM  (U.  S.  P.), 

heavy  magnesia  (MgO). 
Maunicsii  Cahbonas  (IT.  S.  P.)  ((MgC03\Mff(OH),  4-  r>H,0). 

MAfJNESII  CaRBONAS  l.KVIS  (B.  p.)  1  ,o/vf,^r^  \    Tur^r\V\      ATT  f\\ 

MaONESII  C'AUnONAS  P(»XDER08A  (B.  P.)  \  <^<>^S^<^^^  Mg(OH)„  4H,0). 

These  all  form  white  amorphous  powders  with  an  earthy,  not  saline,  taste. 
Tlicy  arc  insoluble  in  water,  but  the  cai^onate  is  dissolved  by  excess  of  car- 
bonic acid.     0.3-4  G.  (5-60  srs.^. 

Liquor  MagnesH  Carhonatis  (B.  P.),  fluid  magnesia,  contains  2  per  cent. 
of  carbonate  of  magnesia  dissolved  by  the  presence  of  carbonic  acid.  1-S 
fl.  oz. 
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Efferrescing  Preparations. 

r>  i    iMCItVK-OKS-*  CoMPOSITlTri  (U.S.  P.),  PULVUJ  SoiJ^E  TaRTARAT* 

;Fi  I  Nrt  (B.  P.),  Sc'idlitz  [lowder. 

TtiU  i)«ju'»icr  ii*  maiU'  up  in  two  papers,  of  whicb  the  hlue  cuio  conUiins  a 
ixturcufa  partrtuf  Itoohi'Ile  suit  ami  uiiu  part  uf  ^^udiuiii  l>icart>oiiuU<,  in  all 
UV  4  O.  I  Iiii»  grs.),  while  the  white  paper  oinitainfl  2.25  il.  \:iH  grs.  15.  P.J  of 
kric  acid.      Whun  the  powders  are  disstdveil  soimrati*I>  in  waWr  and  tho 
iluliotM  tnixc«1,  the  turUiric  acid  nctiiijj^  on  the  biuurbuitato  rt'leattes  corbonia 
r\i\  with  eflV'rvesceiice. 

Liquor  MngnrKii  CHratiit  {V.  3.  P.)  is  a  Holiitinii  of  inagnosiiim  *'itnit<»  with 
ixcow  rif  lithe  arid  In  which  potA.ssium  liioarl)orialp  is  addeit.     The  wholu  is 
»Ule<]   ItKhlly  uud   elfi-Tvescea  when   the  cork  in  reuuiviwl.      150-400  e.c. 
(5-12  11    oz.). 

Ciikii  f\tfii9  FJ'^Tffr^rrnji  (U.  S.  P..  B.  P.),  a  mixture  of  lithium  carbonate 
dlrute  with  .sodium  birjirUmate,  and  citric  acid  {and  tarlAric  aoid,  B.  P.). 
-S  is.  ((J0-I20  (fTs  ). 

Mf^tjmfii  SulpfuiM  I'^WprsrrftM  fH.   P.,  U.  8.  P.),  a  mixture  of  Ei»»tni  ealla, 
liuni  bicjtrixiniite,  iJirlurie  and  citric  ucidH,  which  ctrerViiM*eM  when  utiAcd  with 
raWrr.      tUl-i-IO   gr».    for  repcatcti  adiuiuiHtration  ;    for  u  tfiu^dc  uduiiuit«tratiou 
1-1  ot 

Sodii  SulphoM  Effervrtcnu'  ( R.  P.),  a  nimilar  mixture  containing  the  snlphnte 
if  -    '  :■  iid  of  thiit  of  mngDi>iia.     00-120  gm.  for  n'|M?«twJ  adMiiniftnition  ; 

<lniini.xtniliou  |~}  ox. 
.•v.-^t    j-n.LSj>h'jM  Effrrre^crtin  (B.  1*.,  V,  S.  P.).  hiniihr  u*  the  alKive,  Imt  con- 
ining  ihr  ph'iBphate  in  place  4»f  the  HulphaU'.      Unf^e  n^  fnr  the  eflervescenl 
aa1|ihiiU;. 

Sod^  airotarlr<u  Efferve»ecn»  (B,  P.),  a  mixltire  of  sodium  bicarbonnlc 
with  (^rtArie  and  citric  acids.  It  is  not  purgative  iu  the  dose  advised  in  the 
IL  P.     iKt-120^rra. 

Many  otiier  elTi-rvescent  mixtures  are  used  instead  of  th«  offieial  ones — 
amuiig  ihiriii  the  tiirtrutc^  and  citrate:)  of  the  alkalies,  the  acetate  of  mag- 
Qeslnm.  etc. 

^le  aulplmteHi  uf  nodium  and  of  maffueaiuio,  the  tarlnites  of  »odiura  and 

poCwalam  and  the  phosphate  of  floda  are  given  in  A<ilutionf  the  last  often  in 

t^lk.     Volc*vt  under  special  conditions  the  ^\\xa  ou<£ht  not  tn  he  in  gre^itvr 

wnoeBlratiun  than  5-lo  \wr  cent.     Magui^tiu  and  maguc**4tum  carh<jnat4>  ari? 

•dahuctcrcd  in  powder,  sweetened  if  nec«<**ar>-.     The  cUVrvcsrent  prcpara- 

Ifcmi  are  always  to  l>e  taken  in  twlution   in  about  a  tumbler  of  water;  in 

>Mu lM!itdn>*e^  in  which  this  wil*  not  undersKfod.  s«'vere  tliNlenlion  of  the 

itomarh  with  alarming  Kyin|»t*»m-s  have  arUeu  from  the  rart>ouic  lu-td  bring 

fr^in  ibf  i»tomach.     The  eUer\'ei*ceot  i>re(»aralioDH  uuglit  to  l>e  kept  dry, 

ud  the  wdution  of  mu^nt^ium  citrate  liaa  to  be  kept  lightly  corked. 

Virj- often  Ihe  natur.il  mineral  waters  are  aied  instead  of  the  plmrmaco- 
f*W  preparations,  the  Ih-*1  known  puruatives  among  the^ie  being  the  Hun- 
T^^l-Mttu  watrr  and  TarlsSad  water,  which  contain  the  !*ulphat(':!iof  nxlium 
**''to)i:n««ium.  "  C-arl-haii  aalt^"  an'  nbtaine<l  by  the  evMjMintt^nu  of  the 
^^*'<'«,  but  are  very  often  artificial  imitatiun^.  Many  other  springs  have 
'^^meelTi'Ct?,  and  »  widespread  belief  exists  that  the  natural  waters  are 
■•*»  elBcieul  "  or  '*  I*«.m  dei>rus«int ''  or  have  some  raystie«|  I'irtue*  that 
■••ttiabarod  in  by  the  artitieijil  salts,  but  this  Iwlief  does*  not  «ecm  to  have 
^^^  baAia,  and  iv  proUibly  a  -urvival  of  the  obi  religious  l>elief  in  the 
"iittg  pmpertie^  of  springs. 

*<iUie  oahiml  wat^-rs  the  purgativo  salts  are  always  aix^tmp:ini<'<J  by  olber 
»*rtive  one:!,  i^uch  n»  the  chloride?  of  sodium,  calcium,  etc. 

Tin VMlpkorituitf  of  Mdium  (VnCMI^SO^y  haBi  tieon  ad\*li(od  aa  an  aperient, 
Kotiimiich  weaker  tluui  the  others,  thougli  it  hu0  a  more  pleaAaat  tasla. 
hi* very  liable  to  decompose  with  the  formation  of  i>ulphuti'  of  aoda,  and 
fcrhi|aiDUcb  of  its  action  may  U-  due  to  the  presence  of  the  lallrr. 
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Therapeutic  Uses. — The  siiline  catluu'iic*  are  very  largely  nserf  to 
relieve   «)nstipatioii.     Habitual   oonsitipation  seeniti'  lo  be  caused  In* 
iusufficient  peristalsis,  and  the  slow  passiigeof  theer>ntent*  thmiighiliir 
intestines  allows  of  a  more  complete  absorption  than   usual,  llii?  ia 
turn  rendering  the  f^ej*  hard  and  dry  and  difficult  lo  move  otiwank 
The  saline  cathartics  increase  the  fluidity  of  the  intestinal  rontenis,  and 
thus  facilitate  their  expulsion,  and  this  is  prol>abIy  the  only  effect  t^ity 
have  when  taken  in  small  quantities,  and  especially  in  dilute  <t<>Iu(vm 
as  in  the  natural  mineral  waters.      In  larger  quantities,  however,  mow 
water  is  retained   in   the  l)owel,  and  the  weight  and  distentitin  caus* 
peristalsis,  while  in  sufficient  quantity  they  draw  fluid  from  tlie  blew 
an<i  cause  pi-ofuse  watery  discharges.     When  a  very  complete  evafr* 
nation  is  desired,  the  saline  cathartics  may  l)e  given  along  with  gion* 
of  the  vegctfll>lo  purgatives.     Such   mixtures  ore  the  official  Black 
Draught  (see  Senna)  and  the  compound  |Miwder  of  Jalap.      1l\w  saliwi 
cathartics  act  mucli  more  rapidly  than  the  vegetable  purgatives,  au<l& 
common  method  of  combining  their  effects  is  to  give  the  latter  in   tfa* 
evening  and  the  saline  the  fitllowing  morning. 

The  chronic  constipation  due  to  sedentary  habits  is  much  benefit's* 
by  the  saline  cathartics,  more  especially  by  <iihite  solutions  taken  ^^ 
fore  breakfast.  The  sulphates  and  tartrates  are  harsh  and  unplea^^^ 
to  the  taste,  and  the  natural  waters  are  often  preferred,  or  one  of  ^ 
effervescent  ptfpanttions  may  l>e  used  in  those  cases. 

The  sulphates  and  tartrates  are  more  frequently  used  where  a  sic»£ 
large  dose  has  to  be  prescribed  in  order  to  empty  the  K^wel,  but  l**^ 
also  the  Seidlitz  powder  may  be  advised  instead,  as  being  more  ag 
able  to  the  taste.     These  cathartics  were  at  one  time  used  in  fe 
partly  from  a  tlieory  tJiat  they  redutred  the  temjMrature ;  they  an 
tainly  less  liable  to  cause  pain   and  griping  than  the  vegetable  pui' 
tives,  and  thus  tend  to  disturb  the  patient  less. 

The  sodium  ph<isphate  Ts  often  prescril»ed  for  children,  either  »  ^ 
powder  to  be  given  in  jelly,  or  in  solution  iu  milk  or  other  food,  wh 
completely  hides  its  taste. 

The  saline  catharti(.^  are  used  to  lessen  intestinal  putrefaction,  a 
are  sometimes  very  efficient,  though  they  do  not  act  through  any  j 
ti-!ei>tie  jwwer,  but  simply  by  removing  the  putrefying  mass.  7 
pitospliate  of  soda  has  been  especially  recommended  in  some  forms 
diarrhrea  in  children. 

Th(t  saline  cathartics  are  administered  to  remove  accumulations 
fluid  in  the  body  arising  from  cardiac  or  renal  insufficiency,  or  frc^ 
an  old  etTusion.  For  this  pnr|K)se  the  sulphate  of  magnesium  ia  us- 
in  a  larire  tln^c,  dissolvwl  in  alwut  its  own  weight  of  water  ;  if  pui^ti* 
does  not  follow  in  1-;^  hours,  an  enema  may  be  necessary,  or  tlie  salL 
may  be  given  ahtng  with  a  vegetable  purgative.  This  foiin  of  tretilme 
was  verv'  jMipidar  at  one  time,  but  is  luible  to  weaken  and  depress  t. 
Iiatient,  and  is  s[>p<*ially  contraiudicated,  therefore,  in  asthenic  conditinfl 
Other  methods  of  removing  accumulations  of  fluid  are  by  the  u«? 
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diaretios  (see  caffeine,  theobromine,  |jfl^e  245),  tliaplioretlcs  (see  pilo- 
c»r^)ine,  pJigc  1115),  or  hy  cardiac  reniwiie«  (tligitali^j  P^ig*^'  440), 
^  As  (Jiurolics  !he  saline  cathartics  are  iuferior  to  olhur  nails,  such  as 
llw  acetates  or  nitrates.  Larj^»  (juantities  of  dilute  stdutions  of  the 
purgative  salt*  are  of  value  in  the  treatment  of  some  forms  of  obesity, 
till.' tnitieral  waters  bcin^r  genendly  prescribed  for  this  purpose,  or  the 
pttient  being  sent  to  drink  them  at  their  source. 

Mn.^ii*'sia  and   magnesium  carbamate  are  less  liable  to  purge  than 

tlw!  aohible  salts  and  arc   specially  indicated  in  hyperacidity  of  the 

Btowach  or  in  acid  putrefaction  in  tlie  bowel.     They  cause  less  irrita- 

tioQ  than  the  carb(jnate>)  of  the  alkalies   b(!cause  of  their  insolubility, 

■nd  at  the  same  timt*  have  the  advantage  «>f  iieting  iis  mild  purgatives, 

»Kile  the  lime   pri>|>a  rat  ions  which  are  insi»lubh?,  lend  to  imluce  con- 

nipatioEU     The  magnesia  preparations  may  be  used  also  in  diarrhnea 

*s  antacids,  as  they  have  no  irritant  action  on  the  bowel.     Freshly 

prepared  magnesia  is  recommendinl  in  arwenic  poisoning  t«  form  an  in- 

tolublf  precipitate  in  the  stomach,  and  in   poisoning  with  acids  it  is 

Usoof  value  when  it  can  be  obtainrfl   readily.      In  both  aises  it  is  to 

t^  given  in  large  quantities. 

The  phu-iphatc  of  soda  has  been  Riven  in  various  Iwue  disejisos,  as  in 
oact«viiuilui!iH  iind  rickets,  thin  trt'atment  tx^iujjr  foiiink'd  on  the  belief  that 
llie  aufleniag  of  tlie  bones  is  due  to  the  hick  of  pbaKphates  in  the  fitoii,  but 
Ibere  is  no  rciL^toa  to  suppose  that  this  iilea  is  correct,  and  the  treatment 
kl  nutnttcndetl  with  Hueeessi.  In  cils^'s  of  exophthalmic  goitrt?  the  phosphate 
I'lufce  beeu  rccoinmentietl.  but  no  explanation  has  been  Riven  of  its  action  here, 
^Mftd  wmn  tpiestion  exists  a-*  to  whether  it  is  really  of  value.'  It  ha^i  also 
ir^omuieuiled  iu  tbo  une  acid  diathesis.  The  phosphates  have  licen 
■•'^PpOBed  to  be  of  benefit  iu  nervous  diseases,  ou  the  theory  that  these  were 
due  to  the  iosufliciency  of  phosphorus  in  the  brain,  and  ^jlyetTo-phosphales 
■•ve  been  introduced  for  the  same  rea-^tm,  hiu  both  theory  and  practice  have 
l*'^ved  to  he  erroneous,  for  the  animal  organism  i»  unable  lo  build  up  proteid 
•^ota  hi  nut  ions  from  their  inorxunic  constituents.  The  ust;  of  snl])hiite  of 
1  **^''(im  iu  phenol  poisonin<;,  which  was  at  one  time  recommended,  has  been 
■^'i^^ft'ti  to  bti  quite  without  effect  ou  the  progreiui  of  the  intoxication.  (See 
■pVhfilic  Acid,  pajfO  404.) 

^^^^ii*  ferrocyunide  of  potassium  has  been  advised  in  irritant  poisoninj;  with 
Hc^''  nnd  copper  salts,  with  the  hope  that  the  insoluble  ferrocynnides  would 
^>      'brmed ;  a  hotter  treatment,  however,  is  washing  out  the  stomach,  and 
^  greater  part  of  these  salts  is  removed  by  vomiting  in  any  case. 
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XIV.  HYDRATES  AND  CARBONATES  OF  THE  ALKALIES.      .; 

The  hydrates  aud  carbonates  of  ])otassium,  sodium  and  lithium  owe  ^ 

their  pharmacological  action  entirely  to  the  non-metallic  ion,  which  rl 

is  so  much  more  powerful  than  the  metal  that  the  latter  may  be  di»-  — ^ 

(counted.     In    the    hydrates   the  active  constituent,  then,  is  — HO.  -< 

The  carbonates  and  bicarl>onates  dissociate  into  K-  or  Xa-  ions  and  .fc 

—  COj,  but  the  latter  rajiidly  combines  with  the  hydrogen  of  the  water  ^ 

and  thu$  frees  —  OH,  ko  that  the  final  effect  is  the  same  as  if  a  hydrate  ^ 

had  been  adtninistered,  except  that  the  carbonates  are  less  rapidly  dis-  — j 

sociated  than  the  hydrates,  and,  less  — OH  being  formed,  are  less  violent  ;tj 

in  their  action.     This  hydroxyl  ion,  then,  is  what  induces  the  alkaline  ^ 

reaction  of  th(!  solutions  and  their  pharmacological  effect,  the  metallic  :> 

ion  only  serving  as  a  means  of  applying  the  hydroxyl  ion,  but  not  ^i 

affecting  the  pharmacological  action.     In  other  words  the  alkalini^  -^ 

(hydr<txyl  ion)  of  the  hyilratesand  carbonates  determines  their  action;  - 
the  metal  has  no  practical  important^. 

It  is  therefore  erronoous  to  take  the  hydrates  and  carbonates  as  typifying  ^^ 

the  action  uf  potassiiiiu  or  .sodium,  for  in  these  the  metallic  action  is  much  ^S] 

less  distinct  than  in  the  chlorides,  the  CI  ion  being  pmcticaUy  inert,  while  ^j 
the  hydroxyl  is  exceedinjjly  poisonous. 

It  may  be  remark(?d  in  passing  that  the  importance  of  the  reaction  be- 

twoou  ulkulios  and  mrids  lies  not  in  the  combination  of  the  metal  with  the  "^^ 

anion  of  the  acid,  hut  in  the  combination  of  the  powerftil  hydroxyl  ion  with  «-*'*^ 

the  hydrogen  ion  of  the  acid.     In  the  effects  of  potassic  hydrate  in  the  ^^^ 

8tomu<:h,  the  main  importance  is  to  he  att^iched  not  to  the  potassic  chloride  ^<te 

formed  but  to  tlie  water  (K  —  HO  •   H  —  CI  =  K  —  CI  +  H,0),  for  the  pot»-  -^ 

sium  aud  cldoride  ions  remain  unchanged  hy  the  operation  while  the  hydroxyl  ,^^^>«». 

aud  the  hydrogen  ions  disappear.  ^->'y 

Action.  — The  ])liarnia<*ological  actiou  of  this  group  is  due  to  thwV^ 
powers  of  neutralizing  acids  aud  of  dissolving  proteids  and  changin^^^^^/Jr 
them  to  alkjili-proteids,  and  in  a  less  degree  to  their  saponifying  fitt^^^^jg' 
They  have  in  addition  the  ordinary  salt-action,  and  in  concentrate 
solutions  withdraw  fluid  from  the  tissues. 

The  solution  <»f  proteids  by  the  alkalies  and  the  characters  of 
compounds  thus  formed  outside  the  body  are  well  known  and  need 
be  entered  into  liere.    The  same  solvent  action  isol>served  in  the  liv 
ti.ssues  whenev<T  tlie  hydrates  and  carbonates  come  in  contact  \^ 
them  in  suilicient  concentration.     The  hydrates  are,  of  course^  m 
more  powerful  solvents  than  the  carbonates,  and  these  than  the  bii 
bonates.     To  very  dilute  solutions  this  solvent  action  is  exercised  <^ 
on  the  superficial   tissues,  but  when  stronger  solutions  are  used 
when  even  weak  solutions  remain  long  in  contact  with  the  tissi     ___ 
they  tend  to  |H'netrate  more  deeply  and  cause  widespread  destractf^^^y 
or  corrosion.     These  1>odies  form  soluble  compounds  with  the  prot 
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arwl  are  only  slowly  neiitraliwil  l»v  the  ti^sius,  so  (but  no  ftiir!i  Ixir- 
ruT  is  nii^Kfl  u^iiist  tln'ir  |K.MU'tnitutu  iis  it*  met  l>y  h»iiu'  other 
cc»rTtisivc^. 

Applie<l  to  the  Skin  weak  .H<»liitions  didsnlve  the  8U|>prficiaI  layor  of 
horny  inatt(?r  nn<l  tho  oily  84'c>i*otionH  of  the  glaiulH,  and  thuH  cluancie 

ItUc  Mirfaoe  niort^  thorougiily  tliaii  wator  or  soiutioim  of  ni-iitral   salts. 
When  ap|>lif<l   for  somo   time,  they  jKMielratc  inoro  i]w*ply  aiul  ejiuse 
wnni'  r*lighl   irritation  ami    r*.'(IrK?stt.     Concoiitpatttl   solutions  fliss<)lve 
llie  akin  and  cauhO  uccrosi?*  of  the  dcei^er  tissues,  generally  covered 
by    A   ficmitran^narent  crnst    which   falls    off  in  the  course  of  a  few 
4iy.%  leaviuiT  an  uWr.      Tlie  solutions  of  the  enrhonntrs  an*  much  less 
porrotiive  than  those  of  the  hydrates,  and   induce  uetual   leisiou  of  the 
akii)  only  under  exceptional  circumstances,  euch  a*  very  prolonged 
»    application. 
In  the   Mouth    the   hydrates  aud  carbonates  have  a  characteristic 
"  2(]k:tline  "  tasti*,  and  dissolve  the  BU|>LT(i(rial  layers  of  the  lining  mem- 
brant;  and  the  mucus  of  the  secretiouri.     The  lips,  tongue,  uml  ^uniH 
assume  a  hright  re<i  color  from  the  irritation  and   feel  st^py  to  the 
tonch.     C'Onoenlrat<Ml   solutions  may  e^nst*  deep  corrosion,  as  in   the 
»k;in,  while  very  weak  solutions  have  no  effect  except  the  characteristic 
tJisie  and  a  n^flcx  flow  of  saliva.    The  corrosion  caused  l>y  stroiijy  solu- 
[I        tH>ns  ext**ihJ.s  to  the  thnnii  aud  ossopluigus,  ami  may  either  pwve  im- 
^H  nMsdiataly  fatal  or  may  ^ive  rise  to  cicatrices  suUsetpuntly. 
^"  The  i»fffHrt  of  the  hyflnjtes  an<l  cavlxinates  in  the  Stomach  has  Ixwn 

»much  disputed,  and  even  now  it  is  impossible  to  exphiin  some  of  the 
th<»ni|«'U(ic  results.  Smnll  quantities  are  undouhte<lly  nentralizetl  by 
til*'  hydnM'hlorie  acid  of  the  gastric  juice  and  act  no  hmgcr  from  their 
»lkaihiily,  but  merely  from  their  eftecta  as  salts,  if  at  all.  Larger 
<|Uantitic^  render  the  contents  of  the  stomach  neutral  or  alkaline  and 
thus  prevent  jjastric  diut».stion.  Very  e«ineenlrated  sohitions  corrode 
the  walls  of  the  stomach  aud  may  prove  immediately  fatal  from  cans- 
tOg  pcrf4>ration  into  the  peritoneal  cavity,  while  if  the  corn)sion  is  not 
•o  severe,  and  the  patient  recovers  from  the  shock  and  collapse,  i^stric 
t»l<»rand  cicatrices  may  result. 

It  is  very  frequently  stated  that  nlkulies  and  alkaline  (carbonates  in- 
A  raon^  rapid  secretion  of  the  ^stric  juiee.  In  fact,  some  writers 
far  as  to  assert  that  it  is  imp<Hsil>le  to  render  the  contents  of  tlie 
^totDAch  alkidine  except  by  the  use  of  poisonous  dieses,  t>eoaii^  the 
K"*tric  juice  is  so  nipidly  autrmented  by  the  alkalies.  This  belief 
■©etOii  (o  be  founde<l  on  the  old  aphorism  confrnrht  rojitntriift  nthnii/nn' 
^*'*.  ^chioh  pn»ves  to  have  no  greater  basis  in  fact  than  other  similar 
*^**pna.'*.  It  has  been  demonstrated  ex[)erimentjilly  in  do^  that  alka- 
•Uift  carUinatcs,  whether  given  by  the  mouth  or  injected  into  the 
"*o*naeh  through  a  gastric  fistula,  do  not  inflnenee  the  amount  of  the 
^**tpie  !«Hrn'tion,  an«i  Kelchmauu  has  reivntly  shown  that  in  man  dis- 
'*'Iwl  wBter  increases  the  free  acid  and  the  chlorides  of  the  stomach 
^^^Qtentd  as  much  as  au  equal   amouut  of  an  alkaline  solution.     The 
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only  satisfactory  examinations  of  the  quostionf  therefore,  show  tlwt  the 
alkalies  have  no  etJect  whatsoever  on  the  activity  of  the  ^ecrvtopf 
glands  of  the  atomaeh.  On  the  iither  lianil,  they  may  affect  iljojiiiw 
already  secreted  by  makinjj  it  neutral  or  evt-n  alkaline,  and  may  ihos 
render  it  entirely  useless  for  digestion  and  disinfection.  Of  course  in 
hyperacidity  of  the  stomaeh,  the  alkalies  may  be  of  binicHt  by  l€8«o- 
ing  the  amount  of  free  acid  ])resent. 

Dilute  .sohilions  of  the  alkalies  may  act  as  slight   irrilanth  tn  (be 
Btomaeh  wall  and  thus  improve  its  circulation,  and   le-nsen   |>ain,  eruo- 
tation  and  distention,  very  much  in  the  same  way  as  other  ^ligbtgis- 
trie  irritants,  such  as  the  volatile  oils.     Tn  the  case  of  the  carbowtw 
and  hiciirhonates,  this  carminative  action  may  l>e  Htrengtheiu'*!  bv  tiie 
carbonic  acid  liberated  by  the  liydrochh)ric  acid.      In  addition,  tbtf 
tend  to  render  the  mucu.s  less  tenacious,  or  may  dUs<tlve  it  complete^)'' 
and  thus  improve  the  condition  of  tlie  stomach.     Nothing  is  knovrrit^ 
to  their  effects  on  the  movements  of  the  stomach,  or  on  its  power  **^ 
absorption,  but   if  carlwmic  acid    U?  liberated,  it  tends  to  increase    *^ 
movements  to  soun*  exU-nt, 

In  the  small  Intestine  tlic  alkalies  have  been  shown  to  have  ao     ^^' 
direct  effect,  thnm^^h  their  diminishing  the  acidity  of  the  gastric  jia  •^' 
The  secretion  of  the  fwwicreas  is  normally  stimulated  by  the  passage  ^ 
an  acid   fluid   through   the  pylorus,  and  if  the  acidity  i»f  this  tluid       "J 
reduced  by  ihe  administration  of  alkalies,  a  much  smaller  quantity^    ^* 
pancreatic  jnii^  is  thrown  into  the  intestine.     This  may  ngaiu  rctv-  ^ 
the  digestion   less  cttmpletc,  although   the  greater  alkalinity  of        "^ 
intestinal  contents  tends  to  increase  the  eflfieiency  of  the  panorv^^^^j 
juice  already  secreted.    Ou  the  other  hand,  in  cases  fif  hyjioraeiditr —  "  j 
the  stomach,  the  administration  of  alkalies  may  render  the  contentia^--  O' 
the  intestine  less  irritant,  and  thus  tend  to  allay  catarrh, 

Tlic  alkalies  administered  in  medicinal  doses  seem  to  have  no  efi^V^i 
on  the  intestinal   putrefaction,  for  the  double  sulphates  of  tJie  uc — 'O*' 
remain  unchanged  in  amount.      Kast  states  that  very  large  quanti  '^ues 
(15  G.,  i  oz.)  increase  the  putrefaction,  probably  throngh  nt^uiraWis^^^i 
the  disinfectant  gastric  juice. 

The  alkalies  have  been  believed  to  have  some  special  action  on      "t^<^ 
Secretion  of  Bile;  thus,  it  has  been  suppose<l   that  they  rendered       '*^*^ 
bih'  more  alkaliiK*  and  tendcnl   to  dissolve  the  mucus  contained  ii*      *'» 
that  they  prevented  the  tlep<3sition  of,  and  even  dissolved  gall-stor^^l 
or  that  they  increased  the  secretion  of  bile  and  thus  swept  them  out       ^  ' 
the  gall-bladder.     All  of  tlios*'  theories  have  l>een  overthrown  by    ^'^ 
investigation^,  of  Stadelinaiin  and  his  pupils,  who   have  shown  t^^*' 
alkaline  saltK  do  not  increase  the  secretion  of  bile,  are  not  excreted 
it,  and  do  not  cause  any  change  in  its  reaction.     Any  effect  which  I 
alkaline  carbonates  or  hydrates  may  jmjssc^  in  hepatic  diseases  wol 
therefore  seem  due  to  their  effects  in  the  duodenum. 

The  prolongi-4|  udniitiislration  of  very  lai-ge  doses  of  the  alkaline  a 
bonates  and  bicnrbonates  causes  chronic  gastro-cnteritis  in  animals, 
is  said  to  have  proved  fatal  to  them  in  some  instances. 
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The  hydrates  are  probably  Absorbed  in  combination  with  proteidsor 
mriwnates.     Both  hydrates  and  carbonates  disappear  rapidly  from 
mach  and  intestine,  although  the  bicarbonate  of  soda  i»  some- 
credite*!   with  some  hixattvc  uetion  ;  this  mny  not,  however,  be 
to  the  saiuu  causes  as  in  the  case  of  the  saHne  euthartics.     The 
rption  of  these  bodies  leads  to  an  incrcaRe  in  the  alkalinity  of  the 
(Hxi  nnd  ti^iies.     Even  when  the  alkali  atlmtnisterei]  has  1>een  neu* 
by  the  gastric  juice,  the  l>ody  is  rendere<i  more  alkaline,  be- 
a  certain  amount  of  the  carbonate  of  the  blooti  and  tissues  is 
wd,  which  w(»uld  normally  have  been  useil  to  neutnilize  the  hydro- 
loric  acid   before  it  could   be  reabsorbeti.     This  condition  of  aug- 
ted  alkalinity  can  only  last  a  short  time,  however,  as  the  excretory 
nds  at  once  ]»roce*xl  to  remove  the  excess.     But  this  transient  in- 
tese  in  the  alkalinity  of  the  tissues  has  been  supposed  to  influence 
e  HetaboUflzn  very  considembly.     It  is  fonnd  that  outside  the  body 
Hain   bodtes  undergo  oxidation  much   sooner  in    alkaline  solution 
ftn  when  neutral  ;  the  example  most  frequently  cited  is  pyrogallol, 
ich  combines  witli  oxygen  much  more  rapidly  in  the  presence  of 
lies.     From  this  it  has  been  surmised  that  an  increase  in  thealka- 
ity  of  tlie  fluids  of  the  body  roust  be  followed  by  an  acceleration  of 
nietabftlism.     A  large  numl)er  of  researches  made  on  man  and  ani- 
lals  in   regard  to  this  point  have  given  varying  results,  but  tend  ou 
f^  whole  to   show  that  the  alkalies    have  less  cflect  on   the  tissue- 
lauge  than  was  formerly  believed.     The  iavcstiguiors  of  the  subject 
■ve  generally  cx)nfined  their  attention  to  the  effects  of  alkalies  on  the 
ioducLH  of  meLalndism  excreted  in  the  urine,  and  have  found  the  total 
Itragen  excreted  to  be  unchanged  in  a  considerable  number  of  in- 
Baoes,  to   be  slightly  incrt>ased   in  others,  and   to  be  diminished   in  a 
Iw  individuals.     Even  in  thi»se  cases  in  which  an  increase  is  observed 
i  the  nitrogen  of  the  urine,  ft  does  not  always  indicate  an  increase  in 
•e  nitrogenous  metalwdisim,  fi)r  the  urine  is  often  increase<l  consider- 
bly  aud  it  is  evident  that  the  interchange  of  the  fluids  of  the  tissues 
pd  blwid  is  augmentcil  ;  so  that  the  increasefl  nitrogen  of  the  urine  is 
bcotmte<l  for  by  the  tissues  being  more  thoroughly  tiushed  out  tlian 
al  by  the  alkalies,  which  act  in  the  same  way  as  the  neutral  salts. 
ge  404.)     The  effect  of  the  alkalies  on  the  total   nitrogen  ex- 
seems  to  vary  considerably  with  the  individual,  and  in  one  and 
aame  person  different  effects  have  been  noted  from  two  salts  which 
P«t  in  the  blood  in  the  same  form. 

W-hhough  thet<jtal  nitrogen  may  be  little  affected  by  theadministra- 
*>  of  the  alkalies,  the  form  in  which  it  is  combined  in  the  urine  and 
'  the  bl(K>d  may  be  changed.  The  ammonia  of  the  urine  is  often 
finished  in  amount,  while  the  nrea  excretion  is  correspondingly  aug- 
Nited.  This  is  e«j)ecially  marked  in  cases  in  which  excess  of  acid  is 
^**ied  in  the  tissues  or  al>Horbed  in  any  way,  nnd  is  explaine<l  by  the 

fthat  this  acid  is  ordinarily  neutralized  by  the  ftrmation  <if  ammo- 
in  the  tissues  (see  Acids).     When,  however,  fi.xcd  alkali  is  present 
stafficient  amount,  as  when  the  carbonates  are  given,  the  nitrogen 
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whirh    would  otherwise  have   been  excrete<l   as  ammonium   salts,  is 
formed  into  urea. 

Tlie  Uric  Acid  Excretion  under  the  alkalies  bus  l>ecn  the  fiuhjeciof 
numerous  reseurehes,  hut  in  the  preat  nuijority  of  tiie?e  very  imjierfiyt 
metljodt*  of  estimation  have  l>een  used.  In  the  few  eaees  in  whici 
satisfactorj*  methods  have  l>een  employcnl,  the  results  have  liei'ii  dJrcf- 
gent,  the  uric  aeid  lieing  sometimes  decreu***^!  and  H>nictimc»  incrcienl 
l)y  the  allijilie*i.  In  any  ease  the  ehnnff^-  i-*  tritlinp  iu  extent,  ami  do 
inference  eau  U*  tirawn  an  to  the  uric  aeid  metahoH-sm  from  it. 

Ar  regards  t!ie  Oxidation  In  the  Tissues,  on<*  obr!er\*er  found  the  on- 
gen  abeorlK'il  and  the  crarhonie  aeid  excreted  by  the  luDg:s  iitcreustd  by 
the  alkalies*  while  another  could  detect  no  change.  Another  mvM 
of  eslimatinjj:  the  activity  of  the  oxidation  iu  the  tissues  has  Im *  i  -  ' 
by  Taniguti  and  .Tawein,  who  both  found  that  iu  man  the  nenti. 
phur  of  the  urine  is  increased  by  the  alkalies  at  the  expense  ot  ibe 
acid  sulphiUes  ;  they  interpret  this  as  indicailing  a  diminution  of  I  far 
oxidation  of  the  tissues.  On  the  other  hand,  Heffter  and  ILrniifk, 
using  the  same  nietliofl,  came  to  the  conclusion  that  the  oxidation  in 
the  tissues  of  the  dog  was  increased  by  the  alkalies,  and  this  acordf 
with  flunk's  observation  that  a  diminution  of  the  alkalinity  of  tfac 
blood  of  the  horse  lessenwl  the  oxidation  of  phenol. 

The  oidy  conclusion  which  seems  admissible  fn>m  these  labcndi* 
investigations,  is  that  the  tissue  waste  is  but  little  affected  in  atrn'ont 
by  the  increased  alkalinity  of  the  blood,  and  the  ylight  changes  t»h- 
8erve<l  may  vary  not  only  in  different  sj>eeii*s,  but  in  different  imllvid- 
unls,  and  even  in  the  same  individual  at  different  times.  Ttiecau-*^ 
of  this  individual  variation  may  be  differences  iu  the  amount  of  w^d 
formed  in  the  tissues,  but  may  also  be  differencea  in  the  local  effoc*  of 
the  alkalies  in  the  aiiunntary  tract. 

The  organism  rapidly  frees  itself  from  the  excess  of  alkali  by  Ex- 
creting  alkaline  salts.     This  excretion   occurs  chiefly   in    the  luine^ 
which  becomes  less  acid,  or  even  alkaline  in  reaction,  and  in  the  latter 
event  contains  bicarlwnate  of  potash  or  soda.     As  a  general  rule.  tbtJ 
urine  soon   regains  its  acidity,  but  when   fairly  large  doses  are  givfO 
ropoatedly,  its  action  may  be  kejit  alkaline  constantly.     This  is  aliu*^* 
alwjiys  aec*jniplishc-d  in  man  by  the  administration  of  about  U)-15  ^'■- 
(lGO-240  grs.)  uf  sodium  carbuiiate   in  24   hours,  but  some  per^^*"* 
require  a  still  htr^er  i|(iniitity,  while  others  re<]iiiremuch  less.     A  tc^^ 
porary  alkaline  rcaetiun  lasting  2—3  hours  may  often   l)e  induced  by  * 
single  dose  of  2-1  G,     The  alka!ies.have  the  same  effect  on  the  exO*^ 
tion  of  the  salts  in  \\\u  urine  as  the  neutral  salts  —  large  da^tea  in 
the  sodium,  potusHlum  ami  cidorides  of  the  urine. 

The  injeetioD  of  alkiiline  carbonate-a  into  the  blood  induces  a  more  mT^j 
secretion  Croin  the  bronchial  iiuieuiis  memliraue,  according  to  Calvert,  >v^* 
Rossltiifli  Tuund  it  til  have  the  upjiusite  ellect.  It  is  questiuuuble  whe«-*^ 
the  alkali  is  excrcteil  here. 

The  blood  of  rabbits  treated  with  alkalies  is  said  to  be  more  8tron)irl,v  1^^^ 
mioiilal  than  usiml,  uiid  these  animals  shcjw  greater  rcsistuuco  to  infec*-^ 
with  uiiihrux  bucilli.     These  effects  arc  not  due  to  the  Increased  alkall*^^ 
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the  blo(»d  dirvrtly,  for  wrum  ih  not  rendered  more  bacterioidal  when  ulkali 
to  it  in  Urst-tube  ex|)criinenUi. 
ra  diluU*  nlkaliiie  miliitiona  nre  applifd  to  Isolated  Organs^  thoy  gr>n- 
iutTtasf*    tht'ir   uotivity  for  a  tinu',   but  suliHe(|uc'utly  weaken  it,   while 
ailutioiirt  arts  iiJiiuediuU'Iy  poisriunus.      Thus  the  ciliur)'  movement  of 
■hum    i}i   Hceelenited    by    dilute   alkalies,   the   Bo<lium    Halts   acting    more 
jUeIv  Ihun    the   potji>«iuin    lieojiU!^*  of  the  jioiftonnus    K-inn   of  the  hittor. 
It)  heurt    fllsct    eontracts    l<>nger    and    more    strongly  when    it   h   perfused 
»  chloride  of  smlium   soluMuu  rendered  alkaline  by  eart>unate  of  Koda 
when  the  solution   \a  neutral.     £^omcn*hat  stronger  sointionH  increase 
[tonu^  and  eventually  cause  systolic  Btandstill.     The  arteries  are  con- 
in  the  same  way  by  contact  with  alkaline  solutions,  and  are  dilated 
wbeu  ai'ids  are  perfused  through  them.     Some  of  the   secretions  have  also 
b«u  found  to  bo  increased  by  the  presence  of  alkalies,  thus  the  glands  of 
Uicfh>g'B  skin  are  ctimulaled  hy  very  dilute  alkaline  solutions.     Loob  has 
WCfOtly  observed  that  the  presence  of  the  — OH  ion  causes  frog's  muscle 
tJibsorb  tvnsiderablc  quantities  of  water  from  a  dilute  salt  solution,  while 
oolhp  other  hand  Hamburger  states  that  the  addition  of  small  *iuantitie8  of 
idlulle?  to  the  drawn  bhiod  redntes  tho  size  of  the  blood  cells.     Zoethout 
ftalss  lh:»t  some  unicellular  organisms  pi-ove  much  more  resistant  to  the 
eHVoUof  the  withdrawal  of  oxygen  when  they  arc  placed  in  a  slightly  alka- 
liMmediucn,   and  suggests  as  an  explanation  that  tho  alkali  antagonizes 
WDeimUon  formed  during  asphyxia. 

Strong  alkaline  solutions  destroy  all  living  tissues  with  which  they  come 
h  coDlact. 

Preparations. 

Potaksii  UYDRoxiruM  {V.  8.  p.  ),  P0TA8SA  Causiica  (B.  p.),  (KOH), 
I«ta«imn  hydrate,  causiie  potJish — dry  white  penciU  or  fuse<i  miuees,  deliques- 
wnl  in  the  air  and  very  caustic. 

Si>Hii  Wjdroxi'lum  (U.  S.  P.)  (NaOTIi,  sinlium  hydrate  or  hydroxide,  cau.stic 
•<l»-ffhite  tnuisiucent  pencils,  deli*iuc30cnt  in  the  air,  uud  very  caustic. 

Uij^>r  I'f>tit-*ni  Htjdroxidi  {U.  S.  P.),  Liquor  PolamiK  fB.  P.),  solution  of 
P^Uaium  hydrate^  about  5  per  cent.,  0.(J-2  c.c,  (10-30  niins.),  to  l>e  well 
dilnted. 

ivjmr  SdUi  Hydroxidi  \V.  S.  P.),  a  solution  of  sodium  hydrate  in  water, 
•'>'>i|tn  per  cent.,  1-4  c.c.  (ir>-(JO  mins. ),  well  diluted. 

^ujT  Sodii  Ethyfati^  (B.  P.),  an  IH  per  cent,  solution  of  sodium  ethylate 
(^lUjOXa)  in  absolute  alcohol.  Tt  shouM  be  recently  preparerl,  when  it 
JlJu  a  colorless  synipy  liquid,  which  decomposes  in  the  presence  of  water, 
•M  is  very  caustic. 

PoTigsti  Carbonas  (XT.  S.  P.,  B.  P.^  (K,CO,),  a  white  granular  powder  of 
""•'iuc  reaction,  solubl**  in  one  part  of  water.     0.6-3  G.  (5-30  grs. ). 

8oDn  Carbonas  (H.  P.)  (Na^CO,  +  lOIIjO),  colorless  crystals  with  an  alka- 
■"*  rnclion  and  tuj*te,  wduhic  in  about  one  part  of  Wiit<.^r.     0. 3-2  G.  (5-30  grs.). 
^i\  OtrhifHiin  Ej'fi't^ittif  (B.    P.),  sodium  carbomile  deprived  of  most  of  its 
**f^r  of  crystallization,  11  Io-»<e,  whit*'  powder  resembling  the  ordinary  carbonate 
!''*'**  reurtions  mid  solubility.     0.3-1  G.  (.'>-15  grs.). 

I    'W,i  Cnrfxtn'ut  Mn,wkijdratuf>  (U.  S.  P.)  (Na^CO,  +  H^O),  a  white  crystalline 
ff'wder  without  od'»r  and  stnmgly  alkaline.      D'tse,  0.2;j  G.  {A  grs.). 
^^*or.\s*<ii  BICARB0NA8  (U.  8.  P.,  B,  P.)  (KHCO,),  colorless,  transparent 
^^lUils  with  a  soline,  slightly  alkaline  taste  and  soluble  in  three  parts  of 
^«t.    0.&-ii  G,  (10-30  grs.). 

.^i>U  BiCARBONAs  (U.  8.  P.,  B.  P.)  (NaHCOj),  a  white,  opaque  powder, 
,  *"»  a  cool,  alkaline  taste,  soluble  in  11  paita  of  water  at  16**  C.    O.S-2  G. 

^orAiwi  Sodii  Bicarbonati»  (U.  S.  P.,  B.  P.). 

***^iiim  bicarbonate  is  contained  in  the  Jlistura  Rhei  et  Sodaj  (U.  S.  P.)- 
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Liihii  Carbotuu  (U.  S.  P.,  B.  P.)  (Li,CO,).  a  W^hi,  while  powder  with  in 
alkaline  t&st«,  soluble  in  30  parts  of  wat-er,  but  more  soluble  in  cftrbocic 
iu.id  wuWr.     0.3-0.6  G.  (3-10  grs.)- 

The  preparutioiiHufinugni'sia  ami  magnesium  carbonate  (see  pp.  54D-54h 
are  prescribed  more  a^  antacids  than  as  cathartics,  and  might  be  indudni  in 
this  list, 

Numerous  alkaline  mineral  waters  are  used  instead  of  the  pharmacoprail 
preitarations,  Inil  as  a  general  rule  ihey  contain  only  ver>'  smjilt  miantlUt* 
of  the  cartmnate^.  and  perhaps^  act  more  through  the  large  amount  of  water 
than  through  their  alkaline  reaction.  J 

Therapeutic  Uses.  — The  caustic  alkalies  are  used  Externally  to  a 
limited  extent  to  remove  growths  such  as  warts  from  the  akin.    For 
this  purpose  the  pota-sh  pencils  are  employe*!,  but  they  are  veiy  de- 
liquescent and  it  is  therefore  difHcult  to  limit  their  oction  to  oncspolt 
and  to  the  sup<'rfieial  tissues.     When  the  desired  extent  of  cautcrix»- 
tiou  has  been  obtained,  (he  |>art  should  be  washed  with  water,  or  ww 
vine^r  or  some  other  dilute  acid.     Tlie  solution  of  sodium  elhvIaW 
(B.  P.)  is  s;ud  to  l>e  less   |iaint*iil  than  caustic  pitash.      The  carhoaat^ 
are  also  used  externally  to  some  extent,  ehieHy  in  baths,  which  t)»^3 
rentier  more  irritant  lo  the  skin,  and  in  which  they  lend  to  aofieu  ar*j 
remove  the  su|>crfieial  horny  layers  of  the  epithelium  more  thanorr*j 
nary  water  or  solutions  of  the  neutral  salts.     The  carbonates  are  al^ 
ap[)li<-d  iti  .slrnng  M>][uttou  or  as  a  {laste  in  itching  skin  diseases,  ir^ 
often  f^ivo  rk-liei' 

Internally  the  alkuline  i-arlxfiiates  and  more  rarely  the  solutions <^ 
the  hydrates  are  used  for  their  effect  on  the  stomach,  and  in  cases  (H 
hyperacidity  relieve  the  pain  anil  eniclatinn  almost  instantly.  F-veJ 
where  no  excessive  acidity  exists,  the  alkalies  are  often  lieneficial  i^ 
small  quantities,  removing  the  distension  and  discomfort  without 
apparently  ahirinjjj  the  digestion  to  any  marked  extent.  The  hiciN 
bt)nate  of  potiish  is  nmrc  frequently  used  for  this  purpose  tluin  lh« 
others,  and  ihe  solutions  of  thi*  caustic  alknliea  are  comparatively  mrely 
employed.  Wluitever  preparation  be  used,  it  ought  to  be  well  diluted 
to  avoid  th*?  irritant  action  on  the  stomach  wall.  Instead  of  ihcal 
alkalies  the  carbcjnate  and  oxide  of  magnesium  may  l>e  employed  it 
powder,  and  iinssesses  tlie  advantage  of  not  causing  any  irritation  ant 
at  the  same  time  have  some  aywrient  action.  In  cases  of  liyperacidil] 
the  alkalies  (antacids)  are  oilen  given  after  meals,  while  when  tb 
secretion  does  not  seem  to  contain  an  exees!*ive  amount  of  acid  they  aii 
advised  before  meals,  and  may  then  be  combined  with  other  stomachic! 
such  as  bitters  or  volatile  oils. 

The  alkalies  are  also  administered  for  tla-ir  eflects  after  abstirption 
and  here  the  biearbonatc  of  potash  is  most  frequently  prescribcii 
while  the  hydrate  solutions  are  rarely  used.'  Diabetes  wa*;  former^ 
treated  in  this  way,  in  the  hope  that  the  oxidation  in  the  lissm^  wotti 
be  increased,  but  there  is  little  reason  to  suppose  that  the  alkalies  hav 
any  such  t'ffect  on  iht*  nictalMilisni,  mn\  it  is  now  gi'nerally  accepted 
that  dlalictes  is  mit  dui.^  to  a  general   iuability  of  the  tissues  to  oxidLo^ 


*  The  acetaUs,  citnitus,  etc.,  ma/  ali»u  be  used  for  Uiifl  purpose  {pagv  549). 


UYDRATES  AND  CARBOy'ATES  OF  THE  ALKALIES.        547 


h 


Eiperi(^nce  too  has  shown  that  the  glycosuria  is  not  lessened  appreci- 
ably by  the  utw  of  the  alkali<«.  When,  however,  dial»etes  in*hico8  an 
iDiTca^id  acid  formation  in  the  tissues,  as  is  ahnost  invariably  the  case 
In  its  later  .stages,  the  alkalies  are  of  undoubted  benefit  in  neutraliz- 
ing the  oxybutyric  acid  formed  and  thus  et^onoraizing  the  alkalies  of 
tiic  blood.  In  diabetic  cf)ma,  temporary  improvement  may  very  olleu 
be  attained  by  the  use  of  larp;e  doses  i>i  alkalies. 

In  !^»>ul,  rheumatism,  and  the  "uric  acid  diathesis"  peuerally,  the 
•Ikalies  have  been  u?wl  very  extensively,  partly  in  the  ho|)e  that  the 
su|i(«»!«cd  increased  «»nibuhtion  in  the  tissues  would  destroy  a  larj^r 
amount  of  the  uric  acid,  and  partly  with  the  idea  that  the  uric  acid 
being:  neutndized  in  the  tissues,  would  1>p  excreted  niort*  easily  and 
w^ouid  have  less  tcndeney  to  be  <lcpositcd.  There  are  some  grounds  for 
believing  that  the  alkaline  carlM>nates  are  of  benefit  in  gout  and  rheu- 
[■izaatism,  but  neither  of  these  theories  seems  su(!icient  to  explain  their 
^ffwts,  for  no  increase  in  the  oxidation  has  been  shown  to  occur,  and 
on  the  other  tiand  tin*  uric  acid  is  not  l)elieved  to  exist  in  either  the 
t>l<Hxl  or  the  urine  in  buclt  simple  combinations  as  the  umtcs.  In  the 
f>r*s<'Dt  |K)sition  of  the  uric  acid  {juesti<rn  and  of  the  pathology  of 
O&e^  diseases,  however,  it  is  futile  to  attempt  to  explain  their  thera- 
rutics,  thi>ugh  it  may  lie  surmised  that  the  alkalies  may  influence  the 
>rmation  of  the  uric  acid  rather  than  its  excretion.  The  sodium  and 
lum  salts  have  been  usetl  very  largt-ly,  and  tin-  lithium  carbonate 
beeo  adviseil  on  the  groun<I  that  litliiuin  urate  is  about  four  times 
soluble  as  sotlium  urate.  Lithium  has  also  been  administered  in 
■t*<'  form  of  the  benzoate  and  salicylate  in  these  diseases,  in  order  to 
imhinc  the  stdvent  action  of  the  Inisy  with  the  etTects  of  these  acids, 
1t>ut^  ad  in  so  many  other  similar  attempts,  one  of  the  chief  factors  in 
tbe action  has  been  lost  sight  of;  much  too  small  quantities  of  the 
la^um  compounds  have  been  given  to  affect  the  reaction  (tf  the  bk»od, 
a.rwl  be?*idcs  the  salit^'late  and  benz4>ate  do  not  alter  it  at  all,  as  they 

|«r«  neutral  salts.  These  lithium  ct*rn|K>unds  therefore  seem  to  be 
»«i|KTfluous  in  the  treatment  of  these  diseases.  More  benefit  is  derived 
fr«>m  the  treatment  of  gout  and  rheumatism  by  the  alkaline  minend 
'**'«ter8  than  by  artificial  pre|)arations,  and  this  is  especially  marked 
"•**ben  jMitients  are  sent  to  the  mineral  springs.  The  alkalinity  of  most 
***  the  waters  is  very  slight,  and  the  conclusion  is*nevitable  that  the 
•*urative  agency  is  not  the  alkalinity,  but  the  large  amount  of  fluid 
^**en,  together  with  the  dietetic  aud  other  hygienic  conditions. 
The  alkaline  preparations  are  also  largely  used  for  their  effects  in  the 
^nn*».  In  c;ises  t>f  excessive  acidity  of  the  urine  leading  tn  pain  and 
*^imug  during  micturition,  the  symptoms  arc  relieved  by  these  drugs 
^dering  the  Hiiiil  less  irritating,  and  this  relief  is  especially  marked 
^  irritable  conditions  of  the  bladder  and  urclhra.  They  may  also 
**  of  value  in  those  cases  by  rendering  the  mucus  more  soluble  in 
"**?  blmliler.  In  gravel  the  alkalies  also  give  relief,  and  this  has  lK>en 
Wlribunnl  to  their  diss*»lving  the  uric  acid  in  the  urine,  or  rather  to 
thtir  keeping  it  in  solution  in  the  form  of  salts.     In  order  to  attain 
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Piperazine  and  Qoinic  Acid. 

new   or^nic   cuni|M>un(lti    havo    lieeii    Sntnuluwd    of    late    years   as 
LventA  of  uric  acid  in  the  tistiuet»  and  urine.     Tbc^  beat  known  of  these  is 

('H        ("'U 
:f*'fMTmiue  or  dietliylendianiine  (NH<...(' i  |j'>^H);   fyceiot  and  iy^idinf 

^r>e  nearly  n?liitcU  iMjJit-*.     The   Iiitost  remedy  is  guinic  arid^   C'i*^i/\'    which 
*«    found  in  cinchona  Imrk  and  iu  othtT  plauU  ;  its  eonibiuutiun)*  with  lithium 

t'trat^^  urolropine  and  pijieruziue  are  known  il8  urwin,  rhuiotropine  and  nidonal. 
^il^Tizirie  and  it«  allies  disiMdvo  uric  acid  rejidily  in  the  test-tube,  much  more 
^•ai'itlly  than  lithium  or  Ixirax,  whit-h  urenf^en  prertcrihed  for  iheir  (Solvent  «ction; 
*t  was  therefore  hoiK'd  ihiii  thcMi  baiM's  would  prevent  the  deposit  of  uric  ncid  in 
^hebudyin  gout  by  forniinfif  f»olubIe  unites,  which  would  bo  eliuiitiated  in  the 
But  very  little  of  the  pipor;'zine  inpi^ted  reappears  iti  the  urine,  and  this 
is  too  siniill  to  hiive  aiiy  solvent  action  on  the  uric  acid.  And  what 
\pe  in  this  way  is  in  combination  with  the  Klronger  ucids  und  not 
nrioacid.  When  the  kidneys  uro  inllauied  and  necrosed  iu  birds 
^bnoj^  the  action  of  chroiaic  acid,  the  uric  acid,  which  would  normally  l>e 
OxoreCed  by  the  kidney,  is  deposited  in  variou;!  organs,  but  thi^  does  not 
oocur  except  iu  the  kidney  if  pi])enizine  is  administered.  This  has  Ix-en 
^k9cd  afl  an  ar^uiacat  in  support  of  the  treatment  of  gout  with  piperazine, 
ani  some  clinicians  have  had  very  fiivorable  re^sults  from  it,  whilt*  others 
bavebeen  di«ftppointed.  It  is  said  to  rcUeve  the  discorafoit  due  to  the  pas- 
sage of  gnvvel  in  some  cases,  while  failing  in  othen*,  but  it  has  not  been 
•howa  to  bo  of  any  value  in  the  treatment  of  caleulns.  and  the  urine  of 
patients  treated  with  piporazlae  has  no  more  solvent  action  un  uric  acid  than 
normal  urine  Piperazine  seoras  to  inrluee  no  symptoms  iu  man  or  animals 
«Ten  when  administered  in  lar^e  quantitien. 

f^iiiic  acid  has  been  suK^ested  as  a  treatment  for  gout  on  the  tlieory  that 

't  Would  (H^mbin*!  with  glycocoll  in  the  body  and  thus  prevent  the  formiLlion 

luic  acid,  a  theory  based  on  most  iin.satisfaetory  grounds.     As  a  matter 

fcct  it  has  no  effect  whatever  on  the  amount  of  uric  acid  excreted.     In 

there  is  every  reason  to  believe  that  these  new  remedies  will  prove  no 

reliable  than  the  older  treatment  of  gout  and  the  **  uric  acid  diatheeifl." 

Piperazine  is  given  in  solution  in  doses  of  1  G.  (I'l  grs.). 


^he  Mv  i 
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XV.     THE   ACETATE   SERIES. 

As&r  as  their  immediate  effects  are  concerned,  the  acetates  of  the  fixed 
*l*ali(.s  resenibli;  the  chlorides,  owing  any  effect  they  pcssess  to  the  salt- 
**|tion.  Iu  the  lis^sues  however  the  acetates  are  oxidized  and  form  car- 
"*iai<:s^  so  that  the  clfects  arc  those  of  the  chloride  before  absorption,  and 
J^wvof  the  carbonate  subsequently.  They  are  probably  partly  decomposed 
"y  the  hydrochloric  aci«l  in  the  stomach,  and  in  the  intestine  they  are  rapidly 
***<trl)ed.  The  oxidation  seems  to  proceed  rapidly,  and  is  very  complete, 
P^^TOd  i»er  cent,  of  the  acetate  disappearing,  and  only  some  2-3  per  cent. 
'^it>K  excreted  unchanged  in  the  urine.     The  alkaLinity  of  the  blood  and  of 
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the  urine  is  incrciwcd  by  the  iicetatett  as  by  the  carbitnHtc«,  and  the  lummnt 
of  uriiK'  is  iinTiusoii. 

The  oxidation  of  the  ncetatc<s,  of  course,  supplies  energy  to  Ihe  IfCMly  and 
they  lire  therefore  foods  technically,  but  they  are  unable  to  repUce  tbc  fitls 
Hiid  carlHthydrates,  ixa  they  foil  to  lessen  the  nilropenous  tiHSUv  chunge  (com- 
pare oleohol,  p.  141).  Practically  ihey  ai*e  tii^elesis  as  foodi*,  an  when  pT«a 
iu  HuiUcient  amount  they  deninj^e  the  stomach  in  the  same  way  as  cMDnan 
salt  and  also  alter  the  eharnctor  and  amount  of  the  urine. 

The  a<'etates  seem  almost  di:\oiU  of  s|x'eific  action — they  act  only  a»»lt» 
by  chaiijiiug  the  physiLiiI  properties  of  tho  l>ody  flui<ls  or  as  alkalies  iflw 
absorption.  The  other  members  of  the  acetate  series  have  some  action,  bow- 
ei'er,  for  the  formate,  propionate,  butyrati'  and  vuK'riuuate  of  soda  havebrtS 
shown  to  be  very  weak  narcotics  when  they  ore  iujeeted  byiKMlennicaUy  t" 
intraveuoiL^ly  ;  this  is  especially  marked  in  the  case  of  the  bulyrate.  Rath* 
more  of  the  formate  escapes  uuchanjjed  in  the  urine  than  of  the  nc«t»*c. 
while  the  others  are  apparently  entirely  oxidized.  The  bntymteUitfersfwB 
the  acetate  in  being  capalile  of  takinp:  the  place  of  the  carbohydrates  »"^ 
fats  more  nninplftely,  and  in  thits  leading  to  an  economy  of  the  nilrogeW^^ 
tissues  of  the  body. 

All  of  the  simpler  naU-s  of  this  aeriea  are  equally  rapidly  absorbed  fr«* 
the  intestine,  but  the  oetmnthylate  and  the  caprylate   resemble  the  so-J^"* 
cathartics  in  beiuR  vcr>'  slowly  alworbed.     Probably  this  holds  also  for  tn« 
higher  menibei-s  of  fhe  acetic  acid  series,  including  the  salts  formed  b>"    *■** 
decomposition  of  fats — palmitates,  stearates,  etc.  . 

The  Lactates  resemble  the  neelntes  in  being  almost  entirely  inactive,    "**• 
they  are  rather  more  slowly  absorbed  tlian  the  acetates.     They  are  oxi*l_»''^*' 
in  the  tissues  for  the  most  part,  and  resemble  butyrates  in  limiting  tho  n  i  t-ro 
Ronons  waste,  at  any  rate  when  they  are  p^iven  in  moderate  (luonlit**- 
Lactic  acid  is  also  excreted  in  the  urine,  however,  in  considerable  quant  i*5 

PnKPARATIO>-S. 

PofasBii  Acetas  (17.  S.  P.,  B.  P.)i  a  crystalline  salt  of  pleasant,  saline 

and  very  soluble  in  water.     1-4  iJ.  (15-60  gru.), 

Sodii  AcfittiM  (U.  S.  P.)  resembles  the  potassium  salt. 

Ammonii  Acetas.     (See  page  553.) 

Stroitti^  Liwta«  (V.  8.  P.),  1-2  G.  (15-30  grs.). 

Acetate  of  potash  has  been  largely  used  as  a  diiiretic  and  in  the  treatrr» 
of  gout  and  rheumatism.     It  tiels  here  exiu-tly  as  the  alkaline  carbonates 
bicarbonates,  but  has  llie  adviiiitujje  of  not  ueutraliziujr  the  jjastric  juie^f 
iu  any  way  allecttn^  the  digestion  except  from  its  salt^action,  which  ma 
minimized  by  exhibitin^c  it  in  dilute  solution. 

The  citrates  of  the  alkalies  msiy  be  used  for  tlie  same  purpose,  as  Ibej*" 
not  cathartic  except  iu  large  <iuautities.     (See  Saline  Cathartics,  p.  586J 
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XVI.     AMMONIA   AND   CARBONATE   OF   AMMONIA. 

Ammoina  solution  unci  oarhonate  of  ammonia  differ  considerably 
fruta  the  corrc^iHMuIiiig  hydrates  or  carbouattti  of  the  fixed  alkalies  iu 
their  effects.     The  p^iH  evaporates  rapidly  frora  its  watery  sotutionsi 
and   the    c-arlxmate   gives   off    ammonia    freely,   so   that    the    effects 
mrevery  similar;,  although  the  solution  of  ammonia  is  much  the  more 
pr>wprfnl.     Owin^    to   ita  volatility,  ammonia    penetrates   more   rap- 
icily  and  deeply  than  the  fixed  alkalies,  and  at  the  ftame  tltne  is  less  cor- 
r^:>sive  and  leas  enduring  in  its  effects.     Applied  to  the  skin  in  ooncen- 
tT'^att'd   solution,  it  rnay  e<.»rnKh'   t(»  some  extent,  but  ordinary  dilute 
p«-ep«rati()ns  act  raorely  as  rubefacients,  like  the  volatile  oils.      Even 
c^:>noeDtrat*'d   sMilutions  do  not  dissolve  the  epidermis   like   the  fixed 
allialine  hyilrutcs,  but  tend  to  penetrate  through  it  and  raihc  blisters. 
%Wn  inhaled,  the  irritation  of  the  nosul  mucous  membrane  caascfi  a 
r^e-flex  stimulation  of  the  vaso-motor  centre,  and   consequent  contrac- 
tion of  the  arterioles  and  augmentetl  blood-pre.Hsiire,  while  the  respira- 
tion is  first  arrested,  and  then  bewmies  dreper  and  fuller.     The  heart 
.«y  be   temporarily  slowed   by  inhibitory  reflexes.     Three   parts  of 
.Knmonin  in  10,000  of  air  cause  sneezing,  pain  in  the  nose,  and  tears, 
■lii'ii  in.spired  by  man,  and  o  pjirts  in  10,000  are  dangerous  when  in- 
Kvxikxl   for   some  time  (Lehmann).      wVnunonia   is   not  aUsitrUHl   by  the 
l«.iiiiru,  and  the  symptoms  arise  only  fi'om  the  local  irritation  and  subse- 
^^    <l«]<Jit  inilammuiion. 

^P  Oan<vntrated  solutions  cause  corrosion  of  the  mouth,  ccsophagus  and 

^^  stomach  similar  to  that  seen  iu  jw>isoniiig  with  the  fixed  alkalies,  but 
some  of  the  vapor,  pressing  into  the  re-apiratory  passages,  often  3ct«  up 
**posm  of  the  glottis,  or  such  swelling  of  the  uukxjus  membrane  of  the 
Jauyox  and  trachea  as  to  induce  asphyxia.  In  cases  of  ammonia 
poisoning,  therefore,  the  symptoms  often  arise,  not  so  much  from  the 

|*?'*''*tric  corn)sion  as  fr«:»m  asphyxia,  and  death  may  occur  very  suddenly 
*W>rii  this  lyuse.  The  (:virlx>nato  i»f  ammonia. when  swallowe<1.  also  causes 
*^*gbt  ga.stric  irritation,  and  iu  larger  quantities  nause:i  and  vomiting. 
-•Vfter  absorption  ammonia  and  its  carbonate  an*  rapidly  changed  to 
**■>?»,  and  thus  differ  from  the  fixed  alkalies  in  not  rendering  the  blood 
•^^<»rv  alkaline,  and  in  having  no  effect  on  the  urine  except  to  iacrease 
**»o    uri'a  and  thereby  cause  some  diuresis. 

The  carbonate  of  ammonia  stimulates  the  central  nerx'ous  system 

P^n  it  is  iujectiHl   into  the  bloo<l  in  some  quantity,  but  it  is  very 
btful  wliether  either  the  hydrate  or  the  carUjuate  has  any  such 
t:t  when  aLisorbeil  from  the  stomach.     (Of.  Aminooium  Chloride, 
PRKPARATIONS, 

^__  -^^qua  Ammonijr  Foriior  (I'.  S.  P.),  a  solution  of  ammonia  in  water,  con- 
*»*iuiE  '^S  IRT  cent,  of  the  gas  by  weight. 
■^tqitar  Ammoniit  Fortin  (B.  P.),  82*  per  cent,  by  weight. 
-^qua  Ammonut  (V.  S.   P.),  Liquor  Ammonix  (B.  P.),  uu  aqueous  solutiou 
'^  ^kmraoaln  of  10  per  cent,  strength  by  weight. 
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HhrM  loHO  tlu'ir  irriuUtilily.  iw  in  iiuliculc'l  by  the  (Usappeanuicf  **(  Ihr  rlrr- 
trical  currt*iil  of  action.  The  muisrle  b*  extremely  weak,  and  acoonlin^Mo 
several  olwervcrs,  loses  its  iiTitability,  while  Loeke  finds  that  it  can  be  aunie 
t«  ooiitmct  loeiilly  by  strong  current*,  even  alVr  bt>ing  soaked  fur  !»pVrtiJ 
hours.  The  post-mortem  rigor  does  not  seem  to  be  prevented  by  oxalate » 
has  been  Htated  by  some  obwcrvers. 

Oxiilnte  solutions  precipitate  lime  salts,  and  as  it  is  well  known  tbnl  Ume 
]m  an  e^.«^ential  conHtitucnt  of  living  matter,  it  hafl  been  Rugg^led  thnl  liic 
oxalates  cuupc  these  changes  in  tlie  organii^m  not  through  any  diri'ct  aiiion 
on  protoplasm,  but  through  their  precipitating  the  calcium  and  thus  ihnng- 
ing  it»  orrliimry  relation  to  the  protttids.  This  explanation  has  been  my- 
ported  by  the  discovery  that  calcium  salts  added  after  oxalates  restore  the 
lost  function  in  many  cases,  although  this  of  course  admits  of  the  eijilam- 
lion  that  tliu  calcium  merely  throws  the  oxalate  out  of  solution,  and  di>esQOt 
really  supply  fresh  lime  to  the  tissues.  Tlie  pi'esumj>tion  is  strong  bowvrr 
that  the  a<aion  of  tho  oxalates  is  due,  at  any  rate  in  T>art,  to  their  precipi- 
tttting  the  calcium  in  the  tissues,  although  they  may  have  a  spe^tific  Ktioi 
on  living  matter  in  udditkm. 

The  alkaliuity  of  the  hloo<l  was  found  to  bo  much  reduced  by  the  admio- 
istration  of  ncutml  oxalates  (Meyer),  and  it  ha!<  been  surmised  thatUibis 
because  the  oxidation  (*f  the  tissues  is  retanliil  by  the  presence  of  oxslatw 
iu  the  bluod.  Thia  may  account  for  the  appearance  of  a  reducing  IxxiyiD 
the  urine  of  aniinali^  poisoneil  with  oxalate  ;  it  sometimes  rrccurs  in  ^Hjisoiiiiig 
in  man  and  is  s:iid  not  to  be  dextrose. 

Practically  the  whole  of  the  oxalate  ingested  is  excreted  in  the  urine  ifl 
the  furui  of  oxalate  of  calcium,  and  the  insohible  crystals  are  otten  (If  prfitt-d 
along  the  urinary  tuhtilcs  and  miiy  slop  them  up  entirely  and  thiL-OAtiw 
anuria,  congestion  and  intlammation  of  the  kiihiey  ;  albuminuria  is  ofUulhft 
moHt  marked  pymptttm  in  slight  pois*»niiig  in  man.  Tlw  deposits  of  oxi'at** 
often  form  white  lines  running  from  the  base  to  the  apex  of  the  renal  pyra- 
mids, which  are  quite  evident  nmcroscopically  at  the  autopsy.  Small  oxa- 
late calculi  have  alst>  been  produced  in  the  pelvis  of  the  kidney,  bladdtff 
or  ureter  through  the  prolonged  a<lministration  of  oxalate  or  oxamide  1" 
animals.  Not  infre<:]ucntly  thcs<;'  renal  changes  are  the  only  lesions foawl 
post-mortem  in  cases  of  poisoning  with  oxalates. 

The  prt>longcd  administration  of  oxalates  to  animals  has  l»ecn  found  U» 
Induce  changes  in  the  skeleton,  for  sheep  fed  on  plants  containing  murh  ox- 
alate, are  found  to  have  less  lime  In  the  bones  than  usual,  and  in  rm^^ 
fiymptifms  of  rickets  are  said  to  he  induced  fVom  the  lessened  alworptiono' 
lime.  , 

The  other  members  of  the  oxalate  scries,  malonntes  (Cn,(C04)Na),)»'jd 
Buceinales  {frH,)/COONa),),  dittor  from  the  oxalates  in  being  very  fflut*" 
leas  poisonous,  the  fatal  dose  of  maluimte  of  soda  being  about  twenty  u™** 
that  of  the  oxuiule,  and  the  succinate  being  almost  iudillerent.     The  miilo* 
nate  is  almost  completely  oxidized  iu  the  tissues,  and  succinate  disappp*** 
completely.     It  is  signiticant  that  malonic  and  succinic  acjds  form  niUL'» 
more  soluble  salts  with  liuic  than  does  oxalic  acid.     Both  malonate  aud  ^^' 
ciuatc  of  soda  are  absorbed  only  slowly  from  the  intestine,  and  act  as  a»l>***  ' 
cathartics.  _ 

The  oxalates  are  not  used  in  therapeutics.  In  cases  of  oxalate  poL^w?*, 
the  natural  antidote  is  lime,  which  forms  an  insoluble  precipitate  in  t^*J 
stomach  and  may  also  relieve  the  symptoms  induced  by  the  withdmwal^^n 
lime  from  its  normal  combination  in  the  tissues.  At  the  same  lime  iM  ^5 
quantities  of  water  and  diuretics  nuty  be  given  in  order  to  wash  out 
crystals  of  oxalate  from  the  urinary  tubulca. 
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XVIII.    ACIDS. 

Some  acids  owe  their  activity  in  the  organism   almost  entirely  to 

tbeir  aridity,  i.  c,  to  the  liydrogeii  ion,  wliich  is  much  more  |>owepful 

thau  the  potassium  iou,  but  otbcrwise  stands  on  the  same  plane  with 

it;  those  acids  may  therefore  Ik»  trt^ated  of  together.     In  the  case  of 

mnay  other  acids  such  as  prussic  or  salicylic  acid,  the  effects  of  the 

avidity  or  hydmgcn  ion  are  inMgnifioitiit   in  com|taris4m  with  those  of 

the  rest  of  the  muleoule  or  the  negative  iou,  und  these  are  treateil  along 

with  their  suits. 

Action.  —  The  acids  owe  their  action  on  living  tissues  to  their  neu- 
tralizing alkalies,  to  their  withdrawing  water,  when  in  concentrated 
form,  and  to  their  precipitating  some  of  the  protcids,  more  especially 
the  globulins. 

Moist  living  matter  is  neutral  or  nlightly  alkaline  in  reaction,  and 
seems  to  bt;  incapable  of  existing  in  acid  media.  Exceptions  are  met 
witli  in  wme  of  the  moulds  an*!  in  other  vegetable  organisms  which 
Ev«  in  somewhat  arid  sobiJions,  hut  even  these  are  destroyed  by  more 
OOIic>entrate<1  .solutions,  |MTh:ips  Iwrause  the  acids  precipitate  their  pn»- 
tekLs.  Acids  are  therefore  Protoplasm  Poisons  und  antiseptics  of  s!omo 
power.  Hyilroohloric  aci<l  is  found  to  dclav  the  growth  of  organistuSy 
sod  even  to  destroy  the  great  majority  of  tlic  less  resistant  icrmB  m 
0.1*— 0^  per  cent,  jsolution,  or  in  the  [)ercenlage  in  which  it  exists 
in  the  gastric  juice.  The  others  vary  in  strength  largely  aocording  to 
their  acidity^  that  is,  according  to  the  number  of  hydrogen  ions,  or 
the  amount  of  dissociation.     The  anion  has  also  some  effect  in  many 

When  sulphuric  «>r  nitric  arid  is  applied  to  the  Slcin  in  concentrated 
form,  it  acts  us  a  powerful  caustic,  destroying  the  epidermis  and  pene- 
trmting  tJt  some  distance  into  tlie  skin  and  subcutaneous  tissues,  in 
which  it  causes  nwntsis.  This  is  of  course  accomjianied  by  great 
poio,  and  if  much  of  the  skin  is  attacked,  by  shock  and  collapse  and 
•Tmptoms  simil.ir  to  tho.He  seen  in  severe  burns.  Sulphuric  acid  causes 
•  white.  Inter  a  brown  or  black  eschar,  nitric  aci<i  a  yellow.  Hydn>- 
chloric  acid  is  less  liable  to  ciauge  wholesale  destruction  of  the  skin, 
but  penetrates  the  epidermis  and  raises  blisters.     The  organic  acids 
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and  phosphoric  acid  uru  still  less  irritant,  but  cauae  redness  and  eveo 
blistering  when  applied  in  ecincentrated  solution.     Dilute  solutions^  oTj 
the  uci<is  may  a<'t  as  slight  irritants  to  the  akin,  and  often  rauf-t*  a  {h\»\ 
ing  of  8tiffnesH  and  numbness,  perhaps  from  precipitatinji;  llie  prt>(eidR. 

The  corrosive  action  of  the  acids  is  much  more  marked  wheD  tiicf 
are  applie<l  to  the  less  resistant  Mucous  Membranes.  Even  small  quao- 
tities  of  strong  sulphuric  acid  striking  the  eye  are  sufficient  to  destroy 
the  sight 

In  the  Mouth,  CEsophaffUB,  and  Stomach  the  corrosive  action  is  evi- 
denced by  complete  destruction  of  the  mucous  membranes  which  ooim 
in  contact  witl»  the  strong  acid.  The  oesophagus  and  stomach  may  l« 
perforated,  and  this,  along  with  the  shock  and  collu[k<ie,  of\en  p[ov(« 
immediately  fatal,  or  if  the  patient  recovers  temporarily,  the  erosions 
may  give  rise  to  cicatricial  contractions  and  death  from  iiutnitioa. 
Hydrochloric  acid  and  the  stronger  organic  acids  are  capable  of  CBit»- 
ing  corrosion  of  the  mucous  membranes,  but  this  is  not  so  cxtenfive 
generally  as  that  following  nitric  and  sulphuric  acid.  The  eorroaoo 
from  acids  differs  from  that  from  alkalies,  in  the  tissues  being  shrunken, 
Lard  and  brittle,  while  atler  a  caustic  alkali  they  are  soil  and  swoIIpb 
and  have  a  slimy  a<»apy  appearance. 

Tlic  symptoms  uf  corrosive  acid  poisoning  are  intense  pain  in  the 
mouth,  throat  and  stomach,  vomiting  and  often  diarrhoea,  shock  tud 
collupue,  with  rapid,  weak  pulse  and  shallow  respiration.  The  tem- 
perature is  often  subnormal,  and  death  occurs  in  the  course  of  a  fe* 
hours.  When  fuming  acids  are  swallowed,  and  especially  in  poia)ninp 
with  hydrochloric  acid,  the  irritant  vajxir  passing  into  the  respiratiirr 
passages  mny  cause  spasm  of  the  glottis,  or  cpdema  of  the  lar\*nx,  and 
prove  immediately  fatal  from  asphyxia.  Even  one  part  of  hyditH 
chloric  acid  vn[>or  in  20,000  of  air  causes  sneezing  and  pwin  iu  the 
throat  and  chest  (Lehmanu). 

Dilute  solutions  of  the  acids  have  a  characteristic  taste,  and  inducea 
reflex  flow  of  saliva  and  an  astringent  feeling  in  the  mouth  and  throat 
from  their  causing  a  coagulation  of  the  superficial   layers  of  proteidfc 
In  the  stomach  they  displace  any  weaker  acids  from  their  oombinalioc^ 
with  bases,  and  may  have  st>me  antiseptic  action.     The  gastric  jiiiw  »* 
ntirmally  acid,  containing  about  0.2  per  cent,  of  free  hydrochloric  aei3« 
and  this  acid  reaction  ia  essential  to  the  action  of  pepsiu.    Other  aci*-*^ 
iiiav  replru'-e  the  hydrtKihloric  acid   iu  digestion,  and  a  good  deal  (^^ 
work  Ims  been  dnuc^  in  determining  the  relative  value  of  the  acids  (o^^ 
this  purpose.     Tliis  is  done  by  adding  di^Terent  acids  to  solutious  o 
pe|xstn  in  tesl-tul>es,  and  noting  the  amount  of  fibrin  or  other  protein 
which  is  digested  in  the  course  of  a  uuml)er  of  hours.     The>*e  eiperi 
ments  hfive  shown  that  hydmcliloric  ia  better  than  most  other  aci( 
but  is  perhups  surpassed  by  hydrotluorio  and  oxalic  acids  ;  but  tlw? 
suits  seem  to  vary  with  the  particulur  i)epsin  use*!,  that  obtained  froi 
the  dog  and  (ulf  dlirering  somewhat  iu  its  relations  to  acids  from  tliat 
of  the  child.     Their  poisonous  action  precludes  the  use  of  eitlier  fli 
oric  or  oxalic  acid  in  the  stomach,  and  the  other  acdds  se^n  iDferior 
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lydrochloric  acid,  so  that   both  clinical   experience  and  experiment 
point  to  the  last  as  the  most  suitable  acid  for  use  in  the  stomach. 

The  acids  are  absorbed  from  the  alimentnn*  canal  fairly  rapidly  in 
nOBt  caae?.     In  the  Blood  and  Tissues  tliey  do  not  exist  as  acids  but 
asatltfl,  for  the  reaction  of  the  bl(.H)d  must  remain  slightly  alkaline 
'^Toughont  life,  and  if  sufficient  acid  be  given  to  neutralize  the  alka- 
liw  of  ihe  Uxiy,  the  animal  dies  Ix-'forc  the  blood  Ix'conica  neutral,  al- 
though after  death  it  may  be  fomid  to  be  acid.     The  means  pnniilcd 
liythe  economy  to  neutralize  acids  differ  in  different  animals  ;  in  the 
fc«rt>ivt»rtt  the  fixed  alkalies  of  the  blood  and  tissues  are  called  u|>on 
chiefly,  and  if  more  acid  be  absorbed  than  can  be  neutralized  by  these, 
ibe  animal  dies  ;  in  the  carnivorous  animals  and  in  man,  a  further  pro- 
twtive  mechanism  exists,  for  in  these  ammonia  is  libt-ratcd  by  the  tis- 
soeg,  and  serves  to  neutralize  the  acid,  and  thus  saves  the  fixe<i  alka- 
Hte.    The  difference   is  relative  and   not  absolute,  however,  for  the 
Wbivom  also  develop  some  ammonia,  uud  the  carnivora  eni])loy  some 
of  the  fixed   alkalies  to  preserve  the  nnrmal  reaction  of  the  tissues. 
Miin  appears  to  stand  midway  between  the  two  classes,  for  while  am- 
monia ap|xairs  in  the  urine  after  acid  absorption,  the  fixed  alkalies  are 
e1»  present  in  excess.     Much   larger  amoiiuLs  of  dilute  acids  may 
therviore  be  absorWd  without  serious  symptoms  by  man  and   by  the 
carnivora  than   by  the   herhivorH.      The  explanation  of  this  difference 
l»tweou  the  flesh-eating  and  the  plant-eating  uinnuds  is  to  be  found  in 
the  uature  of  their  food.     The  flesh-eaters  are  accustomed  to  tlie  for- 
iDtttion  of  some  acid  in  their  tissues,  because  the  alkalies  of  their  food 
are  JQ^ufficicnt  to  neutralize  the  acids  formed  by  the  oxidation  of  the 
organic  matter,  and  they  would  gnidually  l>e  deprived  of  all  their  al- 
bliue  salts,  therefore,  were  they  not   protected   by  the   formation   of 
stnmonia.     On  the  other  hand,  the  herbivorous  animals  al)sorb  much 
laiger  quantities  of  the  (trgnnir  sa!ts  of  the  alkalips  in  their  food,  and 
'hew  forming  carbonates  in  the  biwly,  serve  to  neutralize  what  acid  is 
fonne<l  in  the  tissues.     In  i>jdinary  eircumstanees,  therefore,  they  have 
Oo  need  to  protect  the  fixed  alkalies,  and  are  unpi-uvided  with  any 
nicchanism  for  this  puqiose.     When  an  excess  of  acid   is  absorbed, 
•hey  neutralize  it  by  means  of  the  fixfd  alkali  of  the  tissues  and  bhwid, 
«t)d  this  leads  to  a  lessened  alkalinity  of  the  blood,  wliieh   becontwi 
••nable  to  carry  so  much  carlxinic  acid  from  the  tissues  to  the  lungs. 
Thus  in  acid  poisoning  in  nibbits,  the  alkalinity  nf  the  blood  has  been 
^>und  to  be  so  greatly  redueed  that  instead  of  containing  some  20  vol- 
'^ines  of  carbonic  acid  per  cent,  of  blood,  it  carried  only  two  volumes 
l>«r  venU  or  very  little  more   than  could   ite  dissolvwl    in   the  same 
^nount  of  water.     AVhcn  this  occurs,  the  tissues  are  unable  to  rid 
themselves  of  their  carlionic  acid/  and  a  series  of  symptoms  follow, 
^sommencing  in  deep,  labcjred,  rapid,  nftKrwards  shallow  respiration; 
the  heart  is  weak,  a  condition  of  collapse  follows,  and  eventuidly  the 

'TUiB  IB  the  explanation  universally  adopleiJ,  but  Loewy  nnd  Munrer  have  re<*ently 
wo»n  thnl  eome  adtlitional  fHi-Uir  U  iiivnlvL-il  in  Ihe  action  of  acids  on  lu'rliivoni. 
^^  itAUx  that  in  some  aues  the  ncid  in  excreted  in  the  urioQ  vith  greater  difticuJly 
»  Uke  hertivoni  than  in  the  camivoni. 
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respiration  ceases,  the  heart  coDtinuing  to  beat  for  eoooe  time  longer. 
The  quantity  reqiiirpi!  to  jioison  a  rahbit  in  this  way  is  alx>iit  1  G.  iif 
hydnH'hWic  acid  for  each  kilogiu.  body  weight.  The  injection  uf 
sodium  carbonate,  even  in  the  last  9tage  of  intoxication,  is  fitlloMed  liy 
rapid  recover)',  from  more  alkali  being  ftupplie<l  the  bl<MKl  and  iissnts^ 
while  other  carbonates  are  not  so  useful  owing  to  the  action  of  the 
basic  ion.  The  blood-pressure  in  rabbits  is  much  rtnluced  by  tht*  ncJds, 
from  deprejwion  of  the  vaso-motor  centre  and  the  heart.  In  mimivoii 
and  man,  the  absorption  of  dilute  acids  does  not  alter  the  alkjilinityof 
tlie  blood  to  any  niarketl  degree,  and  no  serious  symptoms  arise  ffom 
thia  caurte. 

Tlie  salts  fonned  in  the  blood  and  tissues  after  the  abcorplion  of 
acids  are  rapidly  Excreted  by  the  kidneys,  which  however  retain  tt 
much  alkali  as  {lossible  in  the  body  and  thus  excrete  the  fialta  in  id 
acid  form.  Hence  there  arises  in  some  cases  irritation  c^f  tlie  kiibeis, 
with  albiimin,  and  even  blood,  iu  the  urine,  which  is  rendered  Diorenciil 
than  usual  and  causes  a  sensation  of  heat  and  smarting  iu  tht>  liUdder 
and  un-thra.  In  the  herbivora  the  reaction  changes  from  albilitictit 
strongly  acid,  and  large  quantities  of  the  salts  of  the  alkalies  apiwar, 
while  in  the  wirnivora  some  increase  in  the  8«^ium  and  |>-ita<Mijm  nf 
the  urine  (K-curs  along  with  a  much  greater  increase  in  the  amm*mi». 
The  total  nitrogen  is  somewhat  increase<l  fmm  the  large  amount  "f 
ammonia,  but  the  urea  is  slightly  decreased.  Some  authors  have  I'ound 
an  augniente*!  excretiou  of  lime  iu  the  urine,  while  others  slau?  that  it 
is  less  than  usual. 

Not  infrtHiuently  fatty  Jegcncratiou  of  the  heart,  liver,  nmeoles  or  kidwj 
has  been  olj^erved  in  corrosivo  acid  polsoninp,  when  tlie  patieut  sur^iTfd 
for  a  f<>w  days,  and  Fnienkel  and  Iteiche  fouiiil  a  form  of  necnwis  of  the  niitl 
celts  in  these  wises.  TIip.s**  changt'S  are  not  due  t*>  free  acid  in  the  blood, 
but  thuir  exuct  cause  has  not  been  satisfactorily  determined. 

The  prohmged  treatment  of  animals  with  acids  hiiK  been  found  tobetbl- 
h^wed  hv  antemta  and  loss  of  flesh  and  strength,  which  are  probably  altri- 
butable  U^  the  dititurbancc  of  the  diges^tiou  uud  not  to  any  specitio  action  vf 
the  ueids. 

Auid»  applied  directly  to  the  liviuf^  tissuea  lessen  their  vitality,  and  up* 
less  there  is  sufiicient  alkali  pi-cseut  to  neulralize  them,  soon  ilestrojr  it 
eulirely.  In  w>iue  cases  they  lend  lo  cause  a  temporary*  increaM.*  iu  mllvity 
at  tirsi ;  thus  the  cilia  of  ciliate<l  epitlieliiuu  have  beeu  found  to  moveio^ 
rapidly  at  Urst  in  very  dilute  acids  and  then  to  ec*ase  all  movement,  wbil* 
uiusele  seems  to  be  remlered  weaker  and  h-ss  irritable  at  once.  As  in  the  ci» 
of  alkalies,  Ijoeb  finds  that  dilut*?  arid  causes  muscle  to  imbibe  more  Wttt'f 
than  salt  s<dution  does,  and  Ilnmhurger  tinds  that  the  red  blo<^»d  wllsft^^ 
increased  in  size  by  the  addition  of  small  i|uantitiesof  acid  to  the  blowd'**' 
side  the  body.  The  frog's  lieiirt  in  weakened  and  dilated  by  the  addition  w 
acid  to  a  pcrfuainfr  soluti4(n.  anil  the  muscular  wall  of  the  vessels  »1m  tt- 
laxes.  The  iiddilian  of  acida  to  the  blood  tends  to  agglutinate  the  red  ceiU  ••^ 
to  form  niethtpmo^liihin. 

Therapeutic  Uses. — Tlie  acids  are  used  in  metlicine  only  to  a  limiw« 
extent,  and  some  of  the  official  prc|Kirations  might  well  be  dispeJi^ 
with. 
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They  may  be  employed  to  pive  flavor  to  dmughts  in  fever  and  in  the  thirst 
of  dJAbet<*^  the  moFt  jKijmlar  fonns  b<*ing  ihost*  liirmeii  from  fruit**,  Ruch  as 
Icokoiis,  limes,  or  grapes.  The  taste  is  due  to  tlie  suyurri,  acids,  and  volatile 
oil*  of  the  fruilti,  and  is  muditicd  by  the  preiicnce  of  inert  culluid  substancci}, 
■uch  as  the  t**''4:linB.  The  u(ud!t,  of  which  citric,  tartaric  and  malic  are  the 
chu*r,  »«.'  verj*  imiKfiinnt  furlors  in  the  frti^'t,  fiir  if  these  ho  neutralized,  the 
fraU  Juices  t»e4:-onie  insipid,  and  do  not  qiicut  h  thirst  so  thorun^hly-  The  so- 
gnipe  <nire,  in  which  very  hir^e  tiuaLtitica  of  (rrapcj*  are  milen,  owes 
fiofili*  value  to  the  large  amount  of  water  taken,  althnn;;b  the  acids  and 

dts  may  act  as  aperients  in  the  !«ime  way  as  the  saline  cathiirtics.  Instead 
of  the  fniit  juices,  carbonic  acid  waters  may  be  advised,  and  occasionally 
other  scids,  Buch  as  phosphoric  or  sulphurie,  arc  prescribed  to  give  flavor. 

Acid«  are  also  used  in  certain  fornix  of  dys|>opsia  in  which  the  hy- 
dnwhloric  acid  of  the  stomacli  in  dofioiont.  Hydi-ochloricaciil  ih  most 
frequently  prescribed  for  this  purpctHe,  althniiirh  nitric  and  nitrohydro- 
chloric  acids  have  al?jo  some  reputation  ;  the  bydrochloinc  acid  is 
OBTtainly  more  efficient  tlian  tlu^e  in  te8t-tul)c  exi)erimcnt8  on  di- 
gestion. The  forms  of  dyspepsia  thus  treated  are  ^'nerally  those  aris- 
ing from  a  sedentnry  life  or  in  the  eourse  of  convalescence,  and  the 
•i:id:j  are  often  pre.-*cril)ed  ali»n<j  witli  the  hitter  stomachics  and  are  to 
be  taken  alxint  half  an  Hour  hefoa'  mcaU.  Irritation  of  the  stomncli, 
or  hyperacidity  of  the  gJLstric  juice  is  of  eotirse  a  cHmtniindit^atiou. 
Id  case?*  of  alkaline  poisoning;,  the  acids  are  the  natural  treatment ; 
orjfaniii  acids  should  be  preferre<l  fur  this  purjWHe,  as  they  an*  V^aa 
le  to  cause  additional  e<)rnision,  and  acetic  acid  in  the  formof  viue- 
flkt  is  more  likely  to  be  at  hand  than  any  other. 

In  every  case  in  which  acids  arc  prc.scnl)rd  internally,  they  have  to 
be  given  larjijely  diluted,  as  otherwise  they  irritate  the  throat  and 
stomach.  They  are  taken  tlintn^h  a  ijlass  tnbe,  in  order  to  prevent 
ad  &r  aA  posHible  tlielr  action  on  the  teeth. 

Strong  acids  have  wime  effect  in  arresting  htemorrhage  (styjities) 

wbeu  applied  directly  to  the  bleeding  point,  but  are  much   inferior  to 

e  ot   the  metallic  sjilts,  Hiicb  a.s  the  iron  perchloride. 

Kxtemailvy  the  acidn  arc  used   to  home  extent  as  corrosives,  strong 

nitric  acid  being  nut  infrequently  used  to  destroy  small  tumors,  to 

lerixe  the  os  uteri  and  for  similar  objects.     Its  action  is  more  easily 

ijctxl   titan  that  of  |.>ot.'ish  an<l  i»n  the  oilier  hand  is  more  powerful 

the  metallic  suits  sueh   as   silver   nitrate  and    zinc  chloride.      In 

solution,  they  are  sometimes  applied  to  the  skin   to  lessen  ex- 

ve  local  sweating  and  diluted  vinegar  ih  often  used  to  sjwnge  fever 

patjentfi, 

la  ca80$  of  corrosive  Poisoning  with  acids,  the  first  ludicAtion  is  to 
Dcutralize  the  acids  as  far  as  possible  by  giving  alkalies.  These  ought 
not  to  be  in  ihcmselve*  corrosive,  and  the  best  antidote  is  iherelorc 
tbe  insoluble  magnesia  and  magnesium  carbonate.  Lacking  these, 
tbe  mwt  rciidily  accessible  alkali  is  the  best,  and  the  lime  may  l»e 
scraptnl  fn.HM  walls  or  ceiling,  or  chalk,  s<tap,  or  wt>oil  ashes  may  lie 
given.  Thi^  walls  of  tbe  st4»mach  and  o-sophagus  may  also  be  pis>- 
trei«d  by  giving  mtik  or  white  of  egg,  or  the  acid  may  be  rendered 
teas  corrosive  by  diluting  it  with  large  quantities  of  water. 
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Knr  thespecilic  elTecte  of  the  auiaasof  the  acias,  seu  chlorides,  pbo«ph&tei,  actHMSm 
oxaJatfs,  etc. 

Sulphuric  Acid. 

Sulphuric  acid  l»  one  of  the  most  corrosive  acids  when  it  is  applied     » 
concentrated  fonn,  and  often  induren  complete  rharring  of  the  tissues,  atuS 
coal-hlack  slough. 

Acidum  Sulphurirum  (TJ.  S.  P.,  B.  P.),  concentrated  sulphuric  acid,  co 
taining  at  least  92.5  per  cent,  by  weight  of  absolute  sulphuric  acid  U.  8 
containing?  98  per  cent.  B.  P. 

Andum  Su/phuricum  Dihitum  (U.  8.  P.,  B.  P.)  contains  10  per  cent 
18.65  |>©r  cent.  B.  P.  of  absolute  sulphuric  acid.     O.G-2  C.C.  (10-.W  uiius.).     J 

Acidum  *SvlphuHcum  Aroniatiettm  {V.  S.  P.,  B.  P.)  is  an  alcoholic  solutioj 
flavored  with  p:inper  and  cinnamon.  The  U.  S.  P.  prepiiration  contains  2^ 
per  cent.,  the  B.  P.  preparation  13.8  per  cent,  of  sulphuric  acid.  0.3-1  €.«*■! 
(5-15  mins.)  in  a  glass  of  water.  | 

Sulphuric  acid  and  its  preparations  are  not  largely  used.  It  is  occasionalM 
applitnl  as  a  caustic,  but  nitric  acid  is  generally  preferred.  Internally  it  m 
largely  u»e<\  as  a  prophylactic  and  remedy  in  lead  poisoning,  but  it  is  probn 
ably  of  little  value  here.  (Sec  Lead.)  It  has  also  Ijeeu  advised  in  a  number 
of  conditions,  such  a.s  diarrhcpa,  cholera,  night  sweats,  but  has  not  proved 
efficacious  in  any  of  them.  "When  prescribed  intcrin»lly  the  aromatic  acid  i^ 
the  best  form,  but  i^ulphuric  acid  could  be  dis|>eii8ed  with  entirely  in  thent^ 
peutics.  ! 

Nitric  Acid. 

Nitric  acid  it  equal  or  superior  to  ^ulphunc  in  its  corrosive  action.  It  stainfl 
the  rtkin  and  tissues  a  bright  yellow  or  ycllon-iKh-brown,  and  this  serves  to  di*l 
tinguiNh  cases  of  poiponing  under  the  two  acids,  ' 

Acidum  Nitricum  (V .  S.  P.,  B.  P.)  contains  68  per  cent,  of  absolute  nitrid 
acid  (UNO,)  (B.  P.  70  per  ce»t.).  ' 

Acidum  yitricum  Dihitum  {V.  S.  P.,  B.  P.)  contains  10  percent.  U-  8.  P., 
17  44  per  cent.  B.  P.  by  weight  of  alwolute  nitric  acid.  0.6-2  c.c.  (10-SO 
mins.). 

A  glasi)  rod  dipped  in  concentrated  nitric  acid  is  used  as  a  corrosive.  Tha 
dilute  acid  has  been  advised  in  dyspepsia,  but  is  generally  considered  in-* 
ferior  to  hytlroohloi  ic  acid,  and  hius  i>een  shown  to  \\e  much  leas  efficient  iti 
artificial  digestion.  It  has  also  some  reputation  in  certain  liver  diseasc«-ri 
but  is  supposed  to  be  inrerior  to  the  nitrohydrochloric  acid.  Nitric  acid  ifl 
occasionally  used  in  some  intestinal  conditions  accompanied  by  diarrhea*. 
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Hydrochloric  Acid. 

Hyilrochlorio  acid  is  losw  corroaive  thnn   the  two  preceding  acids,   and 

itb  to  rau?e  blisU'riuK  on  the  skin  rather  ibau  uoorosis.     It  may  cause 

k1  losa  uf  substance,  however,  when  applied  to  the  mucous  membranes 

imncentrated  foriu,  and  stnin<i  the  mouth  a  whitish  color. 

Xcidum  Hydrochloric  inn  (U.  S.  P.,  B.  P.),   muriatic  or  hydrochloric  acid, 

WQtaiosSl.y  per  cent,  by  weight  of  the  goa  HCl.      (B.  P.  31.79  per  cent.) 

\ad\in  Iftjdrochtoricum  DihUum  (U.  S.  P.,  B.  P.)  contains   10  per  cent, 

P,  lO-oS  per  cent.)  of  hydrochloric  acid  gas.     0.3-2  c.e.  (5-30  min-s.)  iu 

j[{bas  of  water. 

KCoocentrated  hydrochloric  acid  is  scarcely  tiBod   in   therapeutics.     The 

acid  ia  often  prescrilH?d  in  dyspepsia  in  which  there  seems  to  be  a 

iency  of  the   natui-al  acid  secretion.     In  eaaes  of  diarrhoea  in  which* 

sive  putrefaction  of  the  intestinal   contents  is  present,  it  may  be  of 

It  when  prcTtcrilx-d  alonj;;  with   other  drugs  ;  this  arrtion  is  probably 

)l*inei!  by  itj<  diainfectinp  the  stomach  c«ntenti»,  aa  the  hydrochloric  acid 

the  gastric  Bccretlon  normally  does  ;  for  the  double  sulphatps  of  the  urine 

eertaiiily  diminish  under  its  use  in  many  cases.     It  is  said  that  hydrochlorio 

ifi'i  pitvents  the  lactic  fermentation  in  1  : 1,000  dilution,  and  that  in  addi- 

I'Ku  to  its  action  ou  the  dif^estivc  ferment  it  increases  the  peristalsis  of  the 
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Nitarohydro  chloric  Acid. 

^itrohydrochloric  acid  is  furme<i  by  mixing  hydrochloric  and  nitric  acid, 
**"!  cootalnn  not  only  the  original  acid.'*,  but  a  number  of  decomposition 
P^luots,  such  as  chlorine,  nitroxychlorido  (NOCI)  and  nitrons  acid.  The 
f^iig  acid  (aqua  rcgia)  is  the  most  powerful  solvent  and  oxidizing  agent 
**0*a,  dissulviug  stuch  refruclory  meta,ls  as  platinum  and  gold. 

^ciduni  yitrohydrochioricum  (U.  8.  1*),  iiitrorautiatie  aeidj  aqua  regia,  ia 

'**'Hjwl  by  mixing  IHO  parts  of  nitric  acid  with  8:^0  parts  of  hydrochloric  acid. 

-dcittum  yUrohytlrucIi/uricum  Dilutum  (U.  8.  P.)  is  formed  by  mixing  40c.c. 

P'^^iiitric  acid  with  ISO  of  hydrochloric  and  diluting  the  whole  to  one  litre. 

•^1  c.c.  (5-15  min.s.). 

-4ci«i«m  Nitrohiftirochioricvm  Dilulum  (B.  P.)  is  formed  by  mixing  6  parts 
^  nitric  acid  and  S  parts  of  hydrochloric  acid  with  60  of  distilled  water. 
2o  niins. 

The  diluted  acid  alone  is  used  in  therapeutics,  and  does  not  seem  so  efficient 
r?*  Ordinary  dysftcpsia  as  the  dilute  llvd^ochl(^rie  acid,  but  has  some  reputation 
^  the  treatment  uf  liver  diseases  and  jaundice,  though  no  explanation  of  its 
^'^tion  in  these  conditions  has  been  offered.     The  acids  cannot  act  as  such 

KCfpt  in  the  alimentary  c-am»l,  hut  in  the  nitrohydrorhlorio  acid  other  con- 
t\ieut*(.  such  as  chlorine,  are  prcseut,  and  it  is  conceivable  that  some  of 
e>*e  may  have  a  specific  ellect  on  the  liver;  further  proof  would  seem  to 
required,  however,  that  the  trcitment  is  really  of  value.  The  acid  is 
"*^inarily  given  by  the  mouth,  but  some  luithorllies  advise  that  it  be  applied 
^^  the  form  of  a  fo()t-butli  or  of  an  ordinnry  hath,  and  others  apply  it  in  a 

R^^^^Ttipitss  over  the  liver.  These  cxterniil  upplicsitious  arc  staled  to  l>e  even 
**^oro  ifncacious  in  hepatitis  than  the  jntcrnul  aduiinisiration,  and  this  serves 
^nly  to  strengthen  the  doubt  of  the  value  of  the  remedy,  for  it  is  contrary 
^  all  experience  that  such  bodies  Bhovihl  be  absorbed  in  any  quantity  iVom 
the  fkin,  and  their  local  action  as  cutaneous  irritants  does  not  differ  from 
that  of  other  drugs. 
36 
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Fhosphoiic  Acid. 

Pliospboric  at-id  is  maoh  It*^  corroeiTe  and  irritouit  ihan  the  other  minMaT 
addfi,  trat  in  lai^t*.  c^/nt-entratetl  doMS  may  cause  gaeUvHeuteritiB. 

Acidum  Phogphorwum  {V.  S.  P.)  contains  85  per  ccdU,  Acidum  Phonptuih- 
nrm  Cvnrmtratum  (B.  P.).  <W.3  j»er  cent,  of  absolute  photfplKjric  acid  (H,PO  i, 

Aeidvm  Photpkoricum  Dilutum  (C  8.  P.,  B.  P.)  contain;^  10  percent.,  l.S. 
P..  and  13.8  per  cent.,  B.  P.,  of  phosphoric  acid.      l»  3-1.3  c.c,  {5-20  miw.). 

Phosphoric  add  has  been  used  to  mhuc  extent  to  form  coolintE  dratigliUio 
fever.  It  has  ako  been  prescribed  in  variou.^  cachectic  conditiuu-*  un  lb* 
theory  that  these  were  due  to  a  deficiency  of  pbo«pbates  in  Iht-  (khh\  nnd 
tiasues  ;  but  it  has  never  been  shown  to  be  of  any  beuelit.  and  expcrimrDU 
have  proved  that  the  animal  tis^ucA  are  unable  lo  build  up  pboepbofw 
compounds  from  the  inorg»nic  phosphates. 

Solphurons  Acid. 

Sulphurous  acid  differs  froiu  the  preoodiDgn]eail>«rsof  tho  jrroopin 
its  powerful  reflucing  action,  thmujch  which  it  Hecomes  oxidized  to $ul- 
pburic  acid,  and  which  rendord  it  strongly  poisonous  to  protopk-^ni  in 
geoend,  quite  apart  from  its  acidit\-.  Sulphurous  acid  aidivdriiip  w 
accordingly  used  to  a  considerable  extent  to  di.«iinf<y?t  ntom:?  ami  Inmi- 
ture  after  infectious  diseases;  for  this  pur|M>se  ^ulplnir  !■»  t»urnc(l  in  tbi' 
room,  which  ought  to  be  ren<lered  as  air-tighi  as  postdhle,  snd  tHf 
fumes  are  allowed  to  act  for  several  houts  bef<»re  the  room  is  venti]iit«i. 
The  value  of  this  method  of  disinfection  has  been  oiiIImI  in  qup'^iion. 
but  there  is  no  doubt  that  sulphurous  acid  gas  U  fairlv  gormicid.il  I'Wn 
it  is  applied  along  with  moisture.  Tt  is  not  capable  of  such  a  widoap- 
plication  as  formaline,  because  sulphumns  acid  bleaches  many  coInri»g 
matters,  and  the  procedure  is  open  to  the  objection  that  it  may  Icndi 
sense  of  security  which  is  quitt?  unwarranted,  and  may  lead  to  the  Ufg- 
lect  of  other  measures.  The  disintection  to  be  of  any  value  mit?t  1»? 
thoroughly  carried  out,  and  can  only  be  applied  to  inanimateobjeci«,ii= 
the  fumes  are  fatal  to  the  higher  animals,  even  when  much  less  concei*- 
trnlcil  than  are  necessary  to  destroy  bacteria.  In  order  to  be  of  scrvi«. 
at  least  one  volume  of  80^  ought  to  Ih?  present  in  each  hundred  volume* 
of  air,  and  even  this  concentration  is  insufficient  to  destroy  the  sporesol 
bacteria.  Novy  '  recommends  iJ-G  pounds  of  sulphur  to  be  burnwif*^ 
each  1,000  cubic  feet  of  space;  the  wullsand  flwir  should  l>e  sprayed  wit^ 
water,  and  (Iil*  room  must  be  kept  perfectly  closed  for  at  least  SOhoaf** 

The  chief  symptoms  of  poisoning  with  sulphurous  acid  are  those  *", 
irritation  of  the  mucous  membranes,  and  if  the  8oluli«)n  l^e  swdloft' 
these  luay  not  ditlcr  from  those  of  the  other  acids.     Sulphurous  aC? 
penetrates  the  tissues  more  rapidly  than  most  of  the  others  owng 
its  gaseous  form,  and  does  not  cause  actual  loss  of  substance  as 
phono  acid  does. 

In  poisoning  from  th<^  irih;il:ition  of  the  anhydride  on  the  other  ba 
the  ayraptoms  arise  cirn.'ily  fixnu  the  respiratory  tract.    Kven  in  five  p 
in  10,000  It  acts  as  an  Irritant,  causing  sneezing,  coughing  and  lachi'J 
mation,  and  in  souu'wliat  greater  coiiccutnitiou  it  l>ecomi>j  entirely    " 
still  smaller  quantities  iu  the  air  cause  broucliial  irri 
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id  Gfitarrh,  when  inlialed  for  some  time.     Sulphurous  ackl  is  neu- 
ilir^i  and  i>xi<liz('(l  for  tlio  most  purt  to  sul{>liate,s  in  the  tissues,  or 
iprobabiy  partly  in  the  course  of  ubsdrption. 

The  solution  of  sulpliuronn  arid  of  the  pliarmnco{Meia  is  user!  to  a 
limited  extt'ntasaii  autineptic  solution  iu  Kkin  difleauos.  It  in  more 
irritani  to  the  broken  8kiu  than  muiiy  other  equally  powerful  antiseptics. 

Acidiim  Sulphurogiim,  V.  S.  V. — A  solution  of  not  less  than  6.4  percent. 
by  weight  of  siilpluirous  acid  gas  (SO,)  in  water.  B.  I*.,  a  Bolution  contain- 
ing 0-4  |MT  cent.  t>f  hyilrogen  sulphite  (H,SO,)  corresponding  to  5  per 
eenl.  by  weight  of  ftulphnrouK  anhydride  (HO,). 

Hydrofluoric  Acid  is  slrorjjily  corro.sivo  and  prevents  the  growth  of  bac- 
teria ill  Bolutionw  of  oiio  i)er  miiic.  After  absorption  it  induces  the  specifio 
fluoride  aielion  (see  pa>jre  5ii5). 


k  Organic  Acids  of  the  Fatty  Series. 

The  organic  acid^  hnve  u  much  leas  marked  local  action  than  the  Inor- 
Bic,  cauHing^  little  iir  no  eurrosion  uules^  when  iij>plic'd  U>  mucous  surfiices 
'^ry  conox-nt  rated  form.  They  are  absorbed  iis  salta  of  the  alkalies,  but 
4o  nat  as  a  genei-al  rule  riHiuc*c  the  alkalinity  of  the  blood  or  re^ndor  the 
,  Brine  more  iioid,  because  they  are  oxidized  to  carbonates  in  the  tLssues.  Ox- 
^K  alio  add  in  the  chief  exception  tu  this  rule,  but  the  speciric  action  of  the  ox- 
^P  Aliite^  Lt  powerful  enough  tu  cunceal  the  acid  acliun  tu  a  great  extent. 
■  Acetic  Acid  applied  in  concentrated  solution  to  the  skin  causes  irritation 
aad  congestion  and  eventually  blistering,  but  does  not  induce  necrosis  ex- 
wpt  of  the  ni*"***!  flut>erficial  layers.  The  congestion  is  often  followed  by 
marked  pallor  instead  of  >)y  blistering :  and  this  has  l>een  explained  by  con- 
m  of  the  vessels,  but  may  be  due  ti>  a  prwipitation  of  the  proteids  of 

akin.     In  the  numth  and  stomach  it  arts  as  un  irritant,  causing  \  omiting. 

ST't^t  pain,  collapse  and  even   death  ;  the  e]>ithe1iuui   is  found  thickened 

^Od  occasionally  contains  hjumorrhages.     Dilute  acetic  acid  (vinegar)  has 

iltic-  ertW-t  apjirt  from  its  acid  taste,  and  is  used  largely  as  a  llavorlng  agent 

id  condiment.     The  proU.nged  use  of  large  qiuintities  amy  however  give 

to  gastric  irritation  and  to  loss  of  appetite  and  weight. 
Acidum  Acrticum   (ilaiHole  {XJ.  S.  P.,  B.  V.)  (I!C.H,0^  is  alrooot  absolute 
.-^lic  acid  (!»V»  per  cent.),  and  becomes  crystalline  at  a  temperature  some- 
hill  below  I5''t'.  (rtO"  F.). 

Acidum  Aretiium  {V.  S.  P.,  B.  P.)  contains  36  per  cent,  of  absolute  acetic 
:id  I'.  S.  r.,  33  jht  re nt.  B.  1'. 

I  Act'ticum  DUiitum  contains  6  per  cent,  of  absolute  acetic  acid 
I'.,  4.27  per  cent.  B.  P,  {Itilute  acetic  acid  is  used  to  form  the  olliciul 
except  Uie  Acelmn  C'antharidis,  B-  P.)  2-8  *'.c.  {l-'i  fl.  (Irs.). 
Acetic  acid  is  sometimes  applied  to  the  skin  as  a  slight  local  irritant  in 
^'^^tjolusionH,  and  in  very  dihitt^  j^olutions  to  eoo)  the  surface  and  to  prevent 
^  -aicfssive  lcM-:il  perspimliou.  It  has  been  um-d  as  a  stypiic  in  slight  hiemor- 
"*^Ciafe,  and  may  be  inhaled  for  this  purpose  in  epLsUixis.  Vinegar  is  ftlw> 
^^^Skalcd  in  (uses  of  fainting,  iu  order  t4t  induce  a  rellcx.  stimulation  of  the 
•motor  cenlre  through  irritation  of  the  nostrils.  In  eases  of  pois^ming 
alkalies  vinegar  is  oHen  the  most  convenient  acid  and  in  addition  is 
likely  to  do  Imrm  than  the  inorganic  acids. 
Acetic  acid  itself  is  not  used  as  a  corrosive,  but  oue  of  its  derivatives,  tri- 

imiH-lic  arid  (CCI,COOH),  has  been  employed  with  good  resultis. 

Formic  Acid  rt^sembles  acetic  acid  In  most  points,  ex<'ept  th.it  it  ta  more 

olatilr  and  more  irrilunt,  that  less  of  it  is  oxidized  in  the  lis.sues,  and  that 

ym  iu  large  quantities  it  is  said  to  induce  nephritis.     It  is  not  used  in 

itics, 

\  bcr  acids  of  the  acetic  acid  series  resemble  acetic  acid  in  their  ef* 
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ftctef  Iml  bet'ome  leiw  irriUiit  as  they  becoDie  more  complex  and  li 
arxTiuted. 


ilydb- 


Lactic  Acid  respmble<t  acetic  acid  iu  Its  behavior  in  the  organinn  (ivi* 

pu^c  560),  It  was  ftiijrRfi*le(l  at  one  time  that  sleep  following  ntiLsculurrx- 
ertioM  was  due  to  the  lactic  acid  formed  in  the  muM'left,  and  tbK  aciil «« 
therefore  rec^ommended  jw  a  hypnotic,  but  haa  been  shown  Xv  be  of  no  tiIup 
for  thia  purpose.  Rickets,  rheunuitism  and  other  diseases  were  alsoatonp 
time  attributed  t**  the  excessive  formation  of  lactic  acid  in  ihe  li-*iu«,  bul 
this  theory  ia  only  of  historical  interest.  Under  the  impression  that  htHc 
acid  was  the  normal  acid  of  the  gastric  digestion,  it  was  at  one  time  usei]  in 
dyspepsia. 

Aciiium  iMcticiim  (U.  S.  P..  B.  P.)  is  obtained  by  the  fermentation  of  milk 
BU^ar  or  grape  su^r,  and  contains  75  per  cent,  of  absolute  lutJc  odil 
(HCjH.Oj),     It  is  a  colorless  liquid  of  stronj?  acit'  ta^te, 

lactic  acid  lias  l)e4>n  used  recently  as  a  caustic  application  to  xnaligna&l 
ulcers  and  diphtheritic  memhmnes. 

Oxalic  Acid  is  frequently  UH^d  as  a  poison  by  suicides,  either  as  such  oru 
the  acid  potassium  salt  (salt  of  sorrel  or  essential  salt  of  lemons).  Poisoning 
has  repeatedly  owurrcd  from  axali<r  aciil  having  been  nii^ttnken  for  magne?ium 
sulphate,  which  it  resembles  in  appearance.  The  symptoms  arc  those  of  iod 
poisoning,  along  with  the  specific  effects  of  the  oxalates  (see  jnige  i'o^]- 
Oxalic  acid  is  not  used  in  therapeutics,  although  it  has  bc«n  said  to  bo  beo^ 
flcial  in  nmcnorrh<ea. 

Tartaric  Acid  induces  symptoms  of  gastric  irritation  when  taken  ia  \aJp 
doses,  and  hais  been  the  csiuse  of  fatal  poisouiug  in  a  few  coses.  It  isfiloW^y 
abBorbed,  and  some  of  it  escapes  combustion  in  the  tissues  and  is  excrel«l  ^ 
the  urine  in  the  form  of  the  arid  tartrate.      (See  Tartrates,  page  r»36.) 

Addum  Tartariciim  (V.  8.  P.,  B.  P.)  (II.O.H^OJ,  coloricsa  crystals  yt^ 
soluble  in  water.     0.3-1. S  O.  (5-20  grs.). 

Tartaric  acid  is  i)rescribed  with  the  earlxtnates  and  bicarVwnatea  to  for<* 
effervescent  draughts  ;  the  tartaric  acid  ought  to  be  slighlly  in  exL-tfws  in  of' 
der  to  lend  its  pleasant  acid  taste,  the  usual  proportion  being  al>out  eigl** 
parts  of  acid  to  seven  iMirt«  of  sodium  bicarbonate.  These  effervescent  nvi* 
lured  formed  witli  the  tartrates  act  as  saline  cathartics  iu  large  doees  (i 
page  537).  Tartaric  acid  may  bo  prescribed  in  dilute  solution  with 
and  a  drop  of  volatilo  oil  as  a  lemonade,  which  is  cheaper  than  that  fonx» 
with  citric  acid. 

Oitrlc  Acid  rfiienililes  tartaric  acid  in  its  action,  but  appears  less  irri 
and  no  oiwo  of  serious  poisoning  is  recorded  from  its  use.     It  is  slowly 
aorbed  like  tartaric,  but  seems  to  be  almost  entirely  oxidized  in  the  t 

Aaidttin  Cilricum  (U.  S.  P.,  B.  P.)  (H,C,HjU,  -f-  H.O)  resi^mblefi  tartaric 
in  its  properties  for  the  most  part.     0.3-1.3  G.  (5-*J()  grs.). 

SyrupuH  Arid!  CUrici  (U.  S.  P.)  is  ordinary  syrup  to  which  one  per  cent, 
citric  acid  and  spirit  of  lemon  have  been  added,  and  is  used  only  as  a  tlavc:^ 
Citric  acid  is  used  to  form  lemonades  and  effervescent  draughts.  F"-^ 
lemonade  2-4  parts  of  citric*  acid  may  be  dissolved  in  1,000  part*  of  wate^ 
aomo  sugar  and  a  few  drops  of  volatile  oil  being  added.  For  effen'esce  ^ 
solutiou:^  about  8  partes  of  the  aci<l  may  be  prescribed  along  with  7  parts 
bicartmnato  of  soda,  with  directions  to  dissolve  the  two  powders  sejiaratcl 
mix  the  solutions  and  drink  while  effervescing.  In  large  quantities  this  ml 
turo  acti  aa  a  saline  catliartic ;  iu  sumller  quantities  it  may  Iw  used  to  i 
crouso  the  ulkalinily  uf  the  blood,  and  to  render  the  urine  less  acid.  ( 
pages  537  and  550.)  I 

Lime  juice  and  lemon  juice,  which  contain  considerable  amounts  of  fr—^ 
citric  acid,  arc  genendly  preferred  to  the  pure  acid  for  lemonades  to  quen 
the  thirst.     Lime  juice  has  been  found  of  great  benefit  as  a  prophylactic 
the  treatment  of  scurvy,  but  this  is  not  due  to  the  citric  acid,  but  to  so; 
unknown  property  of  the  fruit  juices.     Citric  acid  has  been  Uised  in  rheui 
affections,  without  any  marked  improvement  being  elicited,  according  to 
best  observers. 
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XIX.     CALCIUM. 

The  salts  of  lime  are  present  in  very  large  amount  in  the  tissues  of 
animals,  and  considerable  interest  attaches  to  their  ahs()r{>tiou,  excretion 
and  j^neral  action.  They  form  the  great  mass  of  the  inorganic  con- 
stitaeuts  of  the  bones  and  teeth  of  the  vertebrates  and  of  the  shells  of 
the  invertebrates.  In  addition  it  has  been  shown  of  recent  years  that 
they  are  present  to  a  considerable  amount  in  the  soft  tissues  and  are, 
ia  foot,  essential  to  many  forms  of  living  matter,  and  to  the  activity 
of  certain  ferments. 

Calcium  and  the  other  alkaline  earths  differ  from  the  alkalies  ia 
possessing  compunitivcly  few  very  soluble  salts,  aud  they  seldom  effect 
such  changes  in  the  physical  properties  of  the  fluids  of  the  Uxiy  as 
have  been  deacribcil  under  suit-action  and  chloride  of  sodium.  Even 
tbtt soluble  salts  penetrate  witli  greater  dilficiilty  into  the  various  tissues 
of  the  body,  which  seem  to  Jiave  much  less  affinity  for  them  than  for 
Ihf  salts  of  the  alkalies.  They  pretMpitatc  colloids,  such  as  the  proteids, 
in  much  more  dilute  solutions  than  the  alkalies,  and  the  prtxipitate  is 
n«H  rodis.silve<l  by  diiiUi*»n  witli  water. 

Action.  — The  s(»lul)le  lime  salts  are  Absorbed  with  great  difficulty 
from  the  stomach  and  intestine,  and  retard  considerably  the  absorption 
of  fluid.  They  would  presumably  have  a  cathartic  action  were  they 
not  thrown  out  of  solution  very  readily  by  the  alkaline  fluids.  In 
addition  calcium  forms  insoluble  salts  with  all  of  the  cathartic  acid 
loos,  so  that  no  su(;h  doubt*?  ctfeet  can  be  obtained  as  is  seen  from  raag- 
nesiom  sulphate.  (See  Saline  Cathartics,  page  .531.)  The  great  pro- 
portion of  the  lime  taken  either  in  the  fixxl  or  jjs  a  remedy,  luuiueation- 
ably  leaves  the  body  in  the  stu(»Ls  entirely  unabsori)ed,  while  a  smull 
quantitv  of  it  is  taken  np  from  the  alimentary  canal  whether  tlie  lime  be 
adtuiuistered  in  a  sohible  or  in  an  insoluble  form.  This  small  i^uan- 
lilv circulates  in  the  blood,  probably  in  combination  with  protcid^;,  and 
»8  slowly  excretcdf  nnleen  there  is  a  deficiency  in  the  siij'ply  of  lime, 
when  it  may  be  utttiKcd  by  the  tissues.  \\  hen  hirgcr  «piantities  are 
^rown  into  the  blood  by  intravenous  or  hypodermic  injection,  the 
calcium  of  the  blood  remains  abnormally  hif;h  for  some  time,  but  all 
Jhe  calcium  thus  injected  is  not  in  the  circulation  tlirougliout  its  stay 
*Q  the  body.  St-tine  of  it  is  temporarily  depositefl  in  s>me  unknown 
?''gan,  and  is  gradually  withdrawn  and  excreted  after  the  first  excess 
^  eliminated. 

The  lime  is  Excreted  in  part  in  the  nrino,  but  for  the  most  part 

through  the  cpitheliinn  t>f  the   large  intestine.      Abel  and   Muirhead 

'^ve  ^hown  that  t^mie  of  the  calcium  ingestcti  in  the  form  of  the  hy- 

'^'^te  is  excreted  in  the  urine  as  calcium  carbamate  {C'a((X\,NHjj)j  and 

f"^bably  other  sails  may  be  eliminated   in  part  at  any  rate  in   this 

"^^it».     The  carbamate  is  a  very  tinj^table  salt,  and  breaks  np  in  the 

"*1ne,  freeing  carltonic  acid  aud  arnniouia,  wliile  the  calcium  forms  (he 

^'"bonate  of  lime;    the  urine  is  often  alkaline  thercibrc,  aiul  eniells 

^^'^t^ngly  of  ammonia.     Calcium  lessens  the  phosphates  of  the  urine, 
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aud   therefore   its   acidity,  by   forming   in^^>lul)]f    pliusplmte?    in  ilic 
bowel,  and  thus  preventing;  the  absorption  of  the  phosphates  oftk 
food.     The  hiiiall  (jiiaiitity  of  rnlciniu  ahMorbed  fmtii   the  alixmiitsn' 
cunal  has  not  betn  shinvn  to   liave  any  action  oxocpt   in  replaciug  the 
calcium  compounds  <)f  tlie  tissupH.       Kxce]it    under  speciid  cimjd)- 
sUmoos,  tlie  calcium  of  the  f(X)d  is  always  siiilicieut  to  supply  the  ncc6s 
of  the  organism,  po  that  lime  salts  pven  as  remedies  have  at'ter  alwiq*- 
tion  no  specific  action  due  to  the  calrium,  but  owe  their  activity  to  ific 
anion  exclusively.     Thus,  calcium   bromide  may  have  some  cffal  if 
absorlicd,  but  this  eflect  is  due  to  the  bromide  ion,  and  would  Itetb 
same  if  an  e<jual  proijorlion  of  sodium  bmmide  were  taken  up  bv  tJin 
blocHi.     In  the  same  way  calcium  hydrate  when  absorbed  owes  it^  ac- 
tivity to  its  alkalinity  (hydroxyl   ion)  and   not   to   the  cahMum,  nnJ 
aj»arl  from  the  method  of  it.s  excretion,  lias  the  same  effect  iu  the  lisaut^^ 
as  an  equivalent  amount  of  sodium  hydrate.  ^H 

Soluble  cali'ium  aalta  injeeted  directly  into  the  blood  veRseU  M*em  to  c^^ 
poisiintius,  thdiigli  I'urthti-  sludy  of  their  iiction  is  rt'quiretl.  They  fin* 
uccelemte und  strengthen  the  heart,  and  in  largo  quantities  hriug  U  lo ftst»ini- 
still,  and  uUu  havt*  a  iimrkud  t'd'cet  in  euulmnin^  tli**  vesstrls  when  perfuM<l 
tbroiifsfli  thttni.  Thuy  depress  the  central  nen'ons  system,  eausin^  narctj^b  im'l 
fllei'p,  diirintr  which  some  authors  slAte  that  Ihr  rellexes  remain  ntmfle'.'H^, 
whiU*  otliei-s  found  them  much  depressed.  These  etfecls  are  aiweut  wh'ii 
the  salts  are  taken  up  from  the  l>owel,  mainly  no  doubt  owiuK  to  their  slow 
al>Hoi7)tion,  partly  perhaps  to  their  forming  albmninoua  compouuda  inltirtr 
paRsajL!;e  into  the  tissues, 

lame  Starvation.  —  Excess  of  calcium  in  the  organism  h  thcivfi>i* 
little  to  be  apprehended  from  the  ordinary  methods  of  administration, 
and  linie  salts  are  not  used  in  therajH'utics  to  induce  ehanjres  in  llic 
orj^'atu^m  thi'-ju;^h  their  preseinv  iu  excess  in  tlie  bkxKl,  like  otlier 
remedies  such  us  morphine  or  stryehnine.  Another  fjuestion  an*^' 
however,  namely  whether  the  organism  may  not  be  rendered  abnnnnsl 
by  a  deficiency  in  the  supply  of  lime,  an<l  whether  this  defidencv  m^J 
be  remedied  by  the  administration  of  (Mlcium  salts. 

The  elfet'ts  of  a  ilt'ticiency  of  lime  iu  the  fiHKl  have  been  the  snhjw*  j 
of  several  very  cureful  investigations,  and  while  the  adult  animal  *^'*^ 
not  seem  to  stiifer  greatly  from  a  very  considerable  reduction  of  t"'' 
caloiuraof  the  fooil,  young  growing  animals  have  at  tlie  hands  of  rM^''^ 
itivestigaloi-s  develoiMKl  marked  abnonnaliliej*,  resembling  oh»sely  ibo^ 
observed   iu  rickets  and   ostctnualacia  iu  the   htuuan  subjoet.      In  *'*!V 
starvatii)n,  as  in  rickets,  lliere  is  a  lossenetl   dejKisit  of  lime  in    *  ^ 
boucs,   which   retain   their  c*irtilaginous  etmsistency  and   show  ^*^i 
deviations  from  the  normal  iiondititm  ;  in  rickets  the  l>ones  alonO  *^ 
involve*!,  while  iu  auimals  deprived   of  calcium  the  soft  tissues   *-'* 
show  a  lessened  content  of  lime  salts.     Deficiency  of  the  lime  io  *J 
food  naturally  alTents  young  animals  more  than  adidts,  becaust?    ** 
former  reijuire  uiui.'li  more  calcium  to  build  up  the  growing  skel*^* 

The  ctffi'ts  of  the  with^lrawal  of  lim(*.  Ijave  Ikvu  studied  in  some    *- 
lated  Organs.     Tluis  Kiugcr  t^otnparc-d  the  behavior  of  the  (r*^^^s  h>*^ 
when  i>erfused  with  solutions  of  the  salts  of  the  alkalies  with  tha**" ' 
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ooo  perfuse!  with  the  some  sohitions  lo  wbicb  minute  tracefi  of  lime 
.were  ad(]c<I»  ami  found  that  tlie  effirienry  nf  th<'  heart  wa-s  much  in- 
aml  thiit  it  survivotl  vurv  mucii  lunj^-r  utukT  iho  lalttji*  cnmli- 
lioiw ;  T^ooke  hits  recently  shown  tliat  a  similar  relation  exists  between 
the  mammalian  heart  ami  the  inor^nic  elements  of  serum.  Liino  salts 
exercise  a  similar  cffeot  in  voluntary  musele,  which  survives  much 
longer  when  perfumed  with  siiU  solution  containing  calcium  than  when 
^fvxUum  chh^ride  solutions  alone  are  used.  i^>tb  the  heart  and  skeletal 
nau^Ie  eventually  cease  to  contract  on  olcctricid  stimulation  when  por- 
rii^*<l  with  physiolngiwil  sjilt  wjlution,  but  recover  again  when  traces  of 
lime  salta  are  added  to  it.  In  the  same  way,  the  irritability  of  the 
frog's  nerve  y>ersists  much  longer  in  salt  solution  containing  a  limo  salt 
in  nnmixi'tl  salt  s*ilution,  and  may  be  restored  by  the  addition  of 
lime,  when  it  h.is  disiippeared  after  the  prolonged  action  of  the  0.6 
per  ocut.  chloride  of  sodium  solution,  (.filiated  e[)itheliuin  cfuitinues 
lo  wave  rhythmically  much  longer  in  Hmc  solution  tlian  in  distilled 
watMr,  in  which  it  swells  up  and  rapidly  los*'s  its  activity.  This  prob- 
ably explains  the  observation  that  8ome  fish  die  very  soon  in  distilled 
water  but  survive  in  water  in  which  traces  of  lime  are  present.  Lime 
is  uJm  necesHjiry  for  the  develnpnirnt  of  various  ova  ;  for  instance,  frog 
spawn  kept  iu  water  devoid  ol^  lime  salt«  fails  to  develop,  or  develops 
abanrmally. 

Limt'  sails  are  also  iudi.s]>ensable  in  some  processes  which  are  not 

^'♦^pendent  on  the  presence  of  living  cells.    Thus  rennet  docs  not  t^iagu- 

^•'*»»*  milk  except  when  a  lime  salt  is  present,  and  the  Oo&gnlation  of  the 

Blood  njay  bu  prevented  by  precipitating  its  calcium  salts  iu  the  form 

**«  oxalates.      Hammcrsten   has  recently  shown  that  the  lime  salts  are 

*»«^t  uccessiary  t(»  the  formation  of  tibrin,  for  this  octairs  in  oxalate 

*J*»'utious  if  fibriu-ferment  be  added  lo  tihrinogen.     But  the  tibrin- 

***rnient  is  not  formtxl  except  in  the  presence  of  calcium  salts,  and  when 

***al«tes  are  added  to  the  bhKMl   U'litre  this  ferment  is  develo|H'd,  they 

^**t?veut  its  formation  and  hinder  clotting.     When  lime  salts  are  added, 

**♦*   fcnncnt  is  liberateti  and  ai:igulation  occurs  at  once.      In  other 

^*<*»xls,  lime  is  not  necessary  for  the  activity  of  the  fibriu-ferment,  but 

^*>r  itg  development  from  the  prothrombin  or  zymogen,  in  which  it  ex- 

^^^  in  the  circulating  blood. 

Otbi-r  fcrmcius  act   in  thf  absence  of  available  lime  salts.     Thus 
f**^|>«sin  digv.sls  when  instead  of  hydrochlorif,  oxalic  acid  is  added  to  it, 
**it  it  is  unknown  whether  j>epsin  is  Ibrmcd   from  pepsinogen  in  tlie 
^  ■>*'<niee  of  lime. 

The  bighiT  organisms,  both  animals  and   plants,  have  thus  been 

^■^own  to  require  lime  for  some  of  their  functions,  and  it  is  i)robably 

**«o««ary  for  many  others  in  which  its  importance  has  not  yi't  In-en 

**^Oogni*ed,     The  lowest  forms  of  life,  however,  including  the  bacteria 

*r*cl  [i/^nie  of  the  moidds,  seem  to  be  able  to  live  without  it.      In  order 

^*»   imhw'e  the  effei'ts  of  lime  starvati(»u.  It   is  not  always  ne<'essary  to 

"^'ilJMiniw  lime  frt»m  the  food,  for  they  may  be  caused  by  the  presence 

<»*    aoy  !>ul>ntauce  which  prevents  the  dissociation  of  the  calfium  ion. 
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Thus,  oxalate  solutions  added  to  the  blood  or  milk,  or  to  the  oO^^tM 
for  perfusion  of  the  heart,  have  the  same  effects  as  the  withonwu  of 
lime.  Food  containing  large  quantities  of  oxalate  salts  has  m  wme 
cases  induced  symptoms  in  animals  resembling  those  of  lime  starvation, 
and  it  seems  possible  that  some  of  the  symptoms  of  fluoride  action  we 
also  explicable  from  their  precipitating  the  lime  salts  of  the  food  and 
of  the  blood. 

In  several  instances  a  curious  relationship  has  been  shown  to  exist  be- 
tween the  calcium  and  potassium  salts.  Thus  when  a  frog^s  heart  is  pc^ 
fUsed  with  sodium  chloride  solution  containing  a  trace  of  calcium,  the  move- 
ments are  not  entirely  normal,  the  contraction  being  somewhat  prolonged 
and  the  relaxation  much  retarded.  If  a  trace  of  potassium  chloride  is  added* 
however,  the  contraction  becomes  normal  in  character.  On  the  other  ba»d 
the  effect  of  potassium  on  the  frog's  heart  is  antagonized  by  the  addition  oi 
lime.  The  same  holds  true  for  voluntary  muscle,  the  salts  of  calcium  tend' 
ing  to  neutralize  the  effects  of  potassium,  and  vice  versa^  and  in  several  otbef 
relations  an  antagonism  has  been  observed  between  these  two  metals.  (SeC 
Ringer.) 

Another  question  that  has  excited  much  interest  recently  is  the  relation 
between  sodium  and  calcium.     It  has  already  been  noted   that  the  fto^z 
heart  perfused  with  sodium  chloride  solution  soon  ceases  to  beat,  but  can  be 
restored  by  the  addition  of  calcium  and  potassium  to  the  circulating  medium. 
The  ordinary  explanation  (Ringer,  Howell)  is  that  the  calcium  and  potassiom 
are  necessary  to  the  activity  of  the  heart  and  that  when  pure  salt  solution  is 
perftised,  these  elements  diffbse  into  it  and  are  lost  from  the  heart  muscle; 
this  difflision  is  prevented  if  calcium  and  potassium  be  contained  in  the 
solution,  and  the  heart,  retaining  the  salts  essential  to  its  activity,  contioues 
to  beat.     Another  explanation  has  been  offered  by  Loeb,  who  supposes  that 
the  lime  and  potassium  are  not  directly  essential,  but  that  they  neutralise 
the  poisonous  effects  of  sodium.     This  poisonous  action  of  sodium  has  not 
been  generally  recognized,  but  is  well  shown  by  the  behavior  of  a  small  fish 
(fundulus)  living  in  salt  water,  which  can  be  transferred  to  distilled  water 
without  injury,  thus  showing  that  neither  sodium  nor  calcium  is  necessary  in 
its  environment.     But  if  it  be  put  in  sodium  chloride  solution  of  the  same 
strength  as  sea  water  it  dies,  so  that  sodium  is  poisonous  to  it  unless  when 
antagonized  by  the  other  constituents  of  sea  water ;  the  essential  elements 
are  calcium  and  potassium,  for  when  these  are  added  to  the  injurious  sodium 
solution,   the   fish  lives  as  well   as   in   sea  water.     This  series  of  experi- 
ments certainly  forms  a  strong  support  for  Loeb's  theory  that  calcium  is  not 
directly  essential  to  rhythmic  movement,  but  only  neutralizes  the  effects 
of  sodium.     On  the  other  hand,  the  calcium  salts  themselves  are  poisonous  when 
they  are  not  counterbalanced  by  sodium  and  potassium  ;  in  this,  a»  in  many  other 
instances,  there  must  be  maintained  between  the  inorganic  constituents  of  the 
surrounding  fluid  an  equilibrium,  such  as  exists  in  sea  water,  in  the  case  of  the 
fundulus  and  in  the  blood  plasma  in  the  ease  of  the  heart  and  other  oigans. 

The  salts  of  the  alkaline  earths  are  said  to  inhibit  the  hfemolytic  action  of  cer- 
tain  sHTums,  while  those  of  the  alkalies  have  not  this  effect  when  applied  in  the 
same  concentration  ;  this  may  perhaps  be  connected  with  the  tendency  the  former 
have  to  coagulate  proteids.  The  formation  of  protoid  combinations  is  apparently 
the  explanation  of  the  disappearance  of  lime  salts  when  they  are  perfiised  through 
organs  or  when  pieces  of  tissue  are  soaked  in  them. 

Therapeutic  Uses. — Calcium  salts  are  used  in  medicine  for  a  number 
of  different  i)urposes  ;  thus  the  alkaline  prei>arations  may  be  prescribed 
to  lessen  the  acidity  of  the  stomach,  and  the  oxide  may  be  employed  as 
a  caustic.     But  these  owe  their  use,  n(»t  to  the  calcium  ion,  but  to  the 
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olhtT  part  of  the  molecule  —  the  anion.    jVs  a  mattor  of  fact,  calcium  has 
uo  imjx)rtant  effects  of  its  own  and  is  not  prescribed  for  any  action  which 
it  mi^ht  have  on  the  living  tissues.     Tlie  (jnestion  has  l>een  raised,  how- 
ever, whether  calcium  may  not  be  given  therapeutically  to  supply  a 
deficiency  of  lime  in  the  body.     The  particular  conditions  which  liave 
h«;n  treated  on  this  theory  are  rickets  and  oHteomalacia,  in  both  of 
which  there  is  unquestionably  too  little  Iimc  in  the  bones,  and  the  treat- 
ment lias  been   thought  to  be  rational,  because  symptoms  similar  to 
those  of  rickets  have  been  induced  in  young  animals  whose  food  con- 
tuDed  too  small  a  proportion  of  lime.     In  the  case  of  rickets  and  os- 
teomalacia, however,  there  is  no  reason  to  suppose  that  the  food  is 
deficient  in  calchnu  ;    iu  fact,  children  are  said  to  be  more  liable  to 
rickets  when  ^vd.  on  cows'  milk  than  when  nurecd  by  the  mother,  al- 
tiiongh  the  milk  of  the  cow  contains  nu)rc  lime.     On  the  other  hand, 
patients  sutfcniig  from  rickets  absorb  lime  and  excrete  it  again  in  ex- 
■cdy  the  same  way  as  normal  pi>rs(>n!?,  and  although  their  bones  ccm- 
tnin  unusually  Kraall  amounts  of  lime,  llie  other  tissues  contain  rather 
ttiort,  or,  at  any  rate,  not  less  than  m»rmal.     Kickets  is  not  due  to  a 
I«ck  of  lime  in  the  food,  therefore,  nor  iu  fact  in  the  tissues  generally, 
Ijiit  to  some  abnormal  condition  which  prevents  the  lime  sadts  from 
^ing  deposited  in  the  bones,  although  they  are  present  in  abundance 
'Q  the  blornl.      In  cases  of  lime  starvntion  similar  symptoms  may  a}>- 
pear,  but  here  the  cause  is  the  want  (ifliine,  which  is  not  presented  in 
^  tiUfHcient  quantities,  although  the  bone-forming  cells  are  ready  to  de- 
■  fKfeit  it.      In  this  cast?  the  other  tissues  are  also  deficient  in  calcium  as 
H|nBU  as  the  bones.     From  these  considerations  it  follows  that  lime  salts 
^P^S  not  likely  to  be  of  benefit  in  rickets  ft.nd  the  same  holds  true  for 
osteomalacia),   unless  when  it  is  due  to  lime  starvation,  a  condition 
which  is  unlikely  to  arise  in   the   human  subject.      Kxp^^rionce  has 
demonstrate*!  also  that  the  lime  salts  are  quite  incapable  of  iinproviug 
either  osteomalacia  or  rickt-ts. 

It  has  also  been  propose<l  to  treat  with  lime  coses  in  which  the  blood 

Beamed  less  capable'of  clotting  than  normally — particularly  hffimophilia 

ttml  aneurism,  and  some  improvement  is  said  to  have  occurred  in  a  few 

instances.     Jlere  again,  however,  it  would  seem  to  be  very  improbable 

"iflt  the  absence  of  cnagulation  is  due  to  deficiency  in  the  Hme  sails, 

"^''much  more  is  taken  in  the  food  than  is  siiilicieut  for  the  organism, 

^'^d  the  pharmacopaMal  salts  arc  not  more  easily  absorbed  than  the 

*^^'nbinations  present  iu   fo^d.     Mi^re  rci-eutly  the  treatment  has  been 

^xt<*n(led  t(»  forms  of  hicnuirrhagi'  in  which  there  is  no  rwison  t<j  sup- 

^^***e  that   the  cojigulahility  ui'  the  hhn»d   is   reducKl — liiemoptysis,  gas- 

^*'*<-  and  iute^itiual  lia;uu>rrh:ige.     The  vahie  of  the  treatment  lannot  be 

'^'^timuteil  accunitely,  owing  t<t  the  tendency  to  spontaneous  arrest  always 

^r^'Csont  in  these  hiemorrhages ;  but  the  residts,  while  not  decisive,  do 

^^t  appear  very  encouraging. 

-A.nother  trciitment  ot*  aneurism  and  lin^rnorrhiige  of  recent  iutrodnc- 
^^*i  is  Gelatine  administuivd  by  the  mouth  or  iiyjK>dcrniicaliy  (lUO 
of  a  1—5  per  cent,  solution).     This  is  leased  on  a  series  of  experiments 
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wliifih  j^eeini'd  to  iiuliaitt?  that  the  tsmgiilation  uf  the  IjUmj*!  is  hastened 
by  gelatine,  out  whicli  have  not.  been  confirmcti  by  latrr  invtsligutons, 
who  have  founri,  thul  wliilc  the  blfMKl  HometiuM'srh'ts  more  ra|iully  than 
usual  ill  the  pivsrntv  of  jrelatino,  as  a  gi-nenil  ruh*  the  piXK^^sji  is  not 
changed  in  iiitc.  Gelatine  has  been  used  very  extensively  in  t!ie  last 
i'ew  yejirs,  and  some  olinirians  rt!i»opt  favonihle  result**,  but  in  the 
hamb  of  other.s  it  has  failwl  to  influenee  the  course  of  the  disease. 
Aneurism  of  tlie  aorta,  hiemopry?^!s,  pistri<',  intf*stinal,  rfnal,  and  uter- 
ine blee<linj!r  have  all  liecn  ti-eated  with  jj^clatine  with  very  cloubtful 
benefit.  In  ^orae  ca«»s  gelatine  hnn  provetl  the  channel  of  infectittn  by 
tetanus.  It  ha,s  l>et;n  applitd  to  still  loeal  hiL-moiThaere  from  the 
mouth  and  nose,  but  lias  l>een  supplanted  here  by  adrenaline. 

GflatinHiii  (IT.  S.  1'.),  (mrifieti  p^Intiiic.  (refntinum  (lUyceriHoium  (U.  S.  P*)^ 
gclatiue  impregnated  with  an  equal  weight  of  glycerin. 

Prkparatioss. 

Calcii  Chlorjdvm  (TJ.  S.  P.,  B.  P.)  (CiiCl,),  a  white  salt  with  a  sharp,  saline 
tast^.',  very  *lcliquri*ct'nt  aud  ?ioluble  in  wulfr.     0.3-1  G.  (6-15  ^rs  ). 

Catriiiin  chloride  is  the  j^lt  which  gives  the  least  couiplicated  «ilcium  ac- 
tion, and  18  consequently  seldom  ttsted,  l>ecause,  as  hnA  been  explainecl,  the 
calcium  ion  is  nf  compai-utivcly  little  service*  in  thei-apcutics.  It  has  a  Klrong 
attraction  for  water  and  is  thcivfore  more  irritant  than  the  other  chlorides 
of  the  alkalicH  aud  alkaline  eurtlis,  and  ought  to  t>e  prescribed  only  iu  dilute 
solution.  U  is  al>sorbed  with  great  dilVicnUy,  and  has  been  eaggested  in  the 
treatment  of  some  forms  of  dyspepsia  and  in  hteniorrhage, 

CVi/j-  (U.  S.  P.,  B.  P.)  (CuO),  unslaked  lime,  is  a  corrosive  and  disinfectant^ 
aud  is  changed  at  once  to  the  hydrate  in  the  prcseucc  of  water.  It  ditlera 
from  the  caustic  alkalies  in  the  iuMolubility  of  its  hydrate,  which  therefore 
fails  Ici  penetrate  deeply  and  does  not  spread  so  widely  as  potassium  and 
w»diiun  hydmtes.  It  is  seldom  employed  alone  as  a  corrosive,  but  mixed 
with  )>olassium  hydrate  as  Vienna  paste  {I'olanita  cum  Ca/ce,  U.  S.  P.)  has 
had  some  popularity. 

It  is  use)!  as  n  disinfectant  where  large  quantities  of  organic  matter  have 
to  he  rendeicd  liarmlei>s,  as  in  epidemics,  on  battle  fields  and  in  the  dejec- 
tions of  hirgc  hospitals.  It  ought  to  be  mixed  with  the  matter  lu  l>e  disin- 
fected, as  thortiughly  as  possible.  Lime  possesses  the  advantage  i>vcr  other 
disinfectants  of  being  clie^tp  and  eii-sity  procurable  in  large  quantities. 

rafcli  Hydras  (B.  P.),  8lake<l  lime  (Ctt(HO)^,  may  also  be  used  as  a  disin- 
fectant. 

LiyuoR  CALris  (U.  S.  P.,  B.  P.),  lime  water,  is  a  Baturnted  solution  of 
calcium  hydrate  or  slaked  lime  and  contains  aluait  0.17  <f.  in  100  cc.  ()  gr. 
in  I  oz.  B.  P.).  It  is  a  clear  iluid  with  a  salme  and  feebly  caustic  tiiste. 
30-100  cc.  {1-4  fl.  oz.). 

Syrupus  Calcis  (U.  S.  P.),  Luhoh  Cai-CIS  SACcnAUATtis  {15.  P.)t  synip 
of  lime,  contains  calcium  hydratt^  kept  in  solution  in  water  by  sugar,  with 
which  it  ia  probably  combined  chemically.  The  amount  of  lime  contained 
varies  greatly,  but  is  mudi  larger  than  in  lime  water.  The  B.  P.  prc^para- 
tion  is  said  to  contain  nearly  2  per  cent,  by  weight,  or  8  gra.  to  the  oz.  1-4 
cc.  {15-00  mins). 

Linimknti:m  Calcih  (U.  S,  P.,  B.  P.),  lime  liniment,  or  Carron  oil,  con- 
t4iins  cipml  parts  of  lime  water  and  olive  or  linseed  oil. 

These  prepanitions  owe  their  activity  chiefly  to  their  alkalinity  and 
not  to  the  calcium,  but  differ  from  the  hydrates  of  the  alkalies  in  their 
insolubility  and  in  their  alow  absorption.     Linie  water  and  the  synip 
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are  (^lightIy  cauntic,  more  e>»|»wially  tlic  lattor,  and  tciul  to  neutralize 

the  gustric  juice.     They   have    an    astringent  effect  in  the  intestine 

which  has  not  yet  been  exphiinwl,  hnt  is  prohahly  due  to  their  forming 

an  iasiiluhle  oom[Nmml  with  the  surface  proteids,  iti  the  same  way  as 

tannic  acid,  or  to  their  being  deposited  as  the  carbonate  or  phosphate 

«nd  thus   protecting   the  epithelium   from   irritatirm.     Lime  water  is 

used  ID  some  dyspeptic  conditions,  especially  iu  vomiting.     It  is  ol\en 

added  to  milk  iu  intestinal  irritation  in  children  and  in  ty|>hoid  fever, 

as  it  is  found  that  milk  thus  treated  coagulates  in  finer  |mrticles  than 

ben  given  alone,  and  is  better  digci^tiHl  and  less  liable  to  disturb  the 

fntiwtine.      Lime  water  or  syrup  of  Itme  i.«  also  useii  as  an  intestinal 

astriogent  in  diarrhcea,  especially  in  children.     As  an  antacid  in  the 

ranch,  lime  is  inferior  to   magnesia  and  other  alkalies,  because  it 

uA-i  to  delay  the  evacuation  of  the  contents,     Ijime  water   has  l>een 

in  rickets,  which  seems  singularly  irrational,  for  cows'  milk  con- 

a  somewhat  higher  percentage  of  lime.     It  has  also  been  sprayed 

nst  tlie  false  membrane  of  diphtheria,  which  it  is  said  to  dissolve. 

ime  water  is  not  applitaible  in  eases  of  acid  |X)i3oning,  as  it  contains 

b  tfxi  little  of  the  base  to  bo  serviceable,  but  the  syrup  may  l)e 

,  or  lime  shaken  up  with  water  (milk  of  lime).     The  treatment 

wHh  lime  is  specially  indicated  in  cases  of  oxalate  poisoning. 

Jjime  water  has  been  used  externally  as  a  protective,  mihlly  astrin- 
nt  applltration  to  ulcers,  and  the  liuie  liniment  has  l>een  largely  used 
ID  the  treatment  of  burns.      It  derives  its  name  of  Carron  oil  from 
having  been  use<l  for  this  pur|)ose  in  the  iron  workis  at  Carron. 


CaUii  Cktrhonaa  Prtecipitatus  (U.  S.  P.,  B.  P.),  precipitated  chalk  (CaCOJ. 

<VWa  Praeparaia  (IT.  S.  P.,  B.  P.),  prepared  chalk,  chalk  purified  by 
^hing  and  susiieiision  in  water  (CaCOj).      1-4  Q.  (15-fiO  gw.). 

PCLVis  Cret.*:  CuMrosiTi'S  (U.  S.  P.),  a  mixture  of  prcfmred  chalk,  sugar 

id  ttcncia.     5-10  G.  (1-2  drs). 

PuLVis  Ckkt.k  Akomatk'us  (B.  p.),  Hrtunatic  chalk  powder,  conlAins 
rhttik  along  with  :=»ngarnnd  a  number  of  carniiuativca  belonging  to  the  group 
•r  voliitilp  oils.      lO-OO  gpa. 

PULVia  C'RET.f:  AROMATicra  Citm  Opio  (B.  P.)  is  a  mixture  of  39  parts 

iho  aromatic  powder  with  one  of  opium,  and  tlierefore  cuntaius  2j   per 

it.  of  opium.      ICMOgrs. 

MlsTTRA  C^BET.E  (U.  8.  P.),  chalk  mixture,  is  chalk  suspended  in  WTiter 
gums.     16-30  c.c.  (J-1  fl.  oz.). 

The  pre|xirations  of  the  carbonate  of  lirac  are  used  as  antacids  in 

lyfkeracidity  of  the  stomacli,  especially  when  this  is  combined  with 

a  tendency  to  dian-hiea.     The  mixture  or  the  antmutic  powder  B.  P., 

15  the  form  generally  used,  and  may  be  prescribe<l  with  opium  or  with 

other  astringents.     (?halk  has  also  be<Mi  used  in  rickets. 

Externally,  prepared  chalk  is  useil  as  a  powder  to  protect  irritated 
pftitfl  of  the  skin  and  oceaHionally  iu  ulceration  ;  it  is  the  chief  in- 
gredient in  most  tooth  powders.  In  older  treatise-*  on  therapeutics, 
g^rcAt  virtuci*  are  ascribed  to  various  natural  objects  which  are  com- 
poacd  for  the  main  part  of  chalk  or  other  salts  of  lime,  and  among 
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which  bunietl  bonen,  coral,  coralline^  and  cuttlefish  bone  may  beSMD* 
tioued. 

Calcii  rhosphas  Prsvcipitatus  (XJ.  S.  P.),  Caicii  Phosphas  (B.  P.)  (Ca,(POJ 
a  wbitc  iu£o]ublc  powder.     0.3-1  O.  (5-15  grs.). 

Syntpvt  Cafcii  Lactopkoiphaiis  {V.  S.  P.,  B.  P.),  a  prt'iwimtion  in  whitir 
Bohible  double  gait  of  liuit*  b*  runtnined  in  solution.     2-^  c.c.  (J-l  d.  dr.). 

A  glycerophospbale  of  caloium  bu3  also  Ik-uu  adviwd  recently.  Th«» 
phosptmtc  prt.'panitions  bavc  been  used  in  rickota  and  o.<!teomdliu'ia,  and 
in  pbthi&ia  and  otber  tubercular  d)»easep,  but  the  best  autborities  arc  ngrerd 
tluit  lime  sails  are  of  no  value  in  rickets  and  osteomalacia  (sec  pa^i-  5iS), 
and  experience  wicb  them  in  tubercular  conditions  is  not  more  cncounigiog- 

Caicii  Bromidam  {V.  S.  P.)  (CaBr,)  bos  been  used  aa  a  substitute  for  lb« 
more  commonly  used  bromide  of  jKitaat^ium,  aud  is  administered  in  thesftiae 
dose.     It  is  more  slowly  absorbed  and  tberefore  inferior  to  the  ulkalinc  brO" 
mideg,  and  is  eutirely  superfluous. 

Catcii  5u/;jA<m  Ejraivcatvs  {V.  S.  P.).  — Dried  calcium  sulphate  or  dried  gy^. 
Bum  contains  Do  per  cent,  of  sulphate  of  calcium  (CaSOJ  and  5  per  cent.     *' 
water.     It  Ih  used  exclusively  to  form  immovable  liandages  in  surgeiy  (!■' 
ter  of  Paris  bandages). 
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XX.     BARIUM   AND   STRONTIUM. 

Barium  is  the  most  poisonous  of  iho  three  common  alknline  earlhfi, 
resembles  the  otbers  in  penetrating  with  difficulty  into  tbe  epithelium  oft 
aliroentjiry  canal,  and  is  ihcrefore  absorbed  very  slowly.  It  lias  n  ehi 
teristic  action  on  many  forms  of  muscular  tissue,  resembling  closely  that  re^^ 
veratrine,  and  the  tontraetion  of  the  frog'a  mui^ele  under  barium  i?  ihi 
stronger  than  normally^  and  is  very  greatly  prolonged.  The  frog's  hea 
beats  more  atronply,  but  more  slowly  from  a  similar  action  on  the  muw 
fibres,  and  the  walls  of  the  .«;tonnaeh  anil  inte-stine  are  thrown  into  violetr^ 
cutitraelion  from  the  action  of  the  metal  on  the  unstriated  musele  fihr^ 
There  is  some  que.stion  as  to  whether  the  central  nervous  system  is  aeled  o 
tn  the  frog,  but  in  the  mammal  barium  salt^s  injecte<1  intravenously  ran* 
violent  tonie  and  elonic  spa.^ms,  from  their  stimulating  the  spinal  cord  an*- 
medulla  oblongatii.  The  action  on  the  alimentary-  cjinal  indueei*  vomitia 
ftud  purging  with  verj-  active  peristalsis.     The  heart  is  accelerated,  and 


SULPHIDES  AND  SVLPHUR. 


fl73 


^Ir^M -pressure  is  enormously  increased  at  first,  mid  then  undergoes  slow 
-I  I  Illations  for  some  time.  The  increased  U^nsiou  may  be  due  to  ihecurdiuc 
a-  ti.jn  iu  imrt,  but  U  cliiefty  lu  be  ascribed  to  u  very  loarked  contracliou  of 
the  munculnr  walls  of  the  vessels.  The  frog's  heart  eveutually  at«sume»  an 
irrejfiilar  periHtiillie  form  of  contruoti<m  ami  reason  iu  syytole,  ai»  in  digitalis 
poi^juing,  and  the  cbun^e^  in  the  niumnmliiui  heart  also  resemble  thue>e 
caused  by  thit*  Heric«.  Barium  in  aunirit'ut  (|nanlitie.s  finally  paralyzes  the 
^jntnd  nervous  Rystem.  In  I'aliU  poisoning  iu  animals,  boemorrhages  have 
Wen  found  in  the  sUmmch,  intestine,  kidney  and  other  organs. 

Barium  i;*  quite  iueapablo  of  replacinj^  eakium  iu  i(€  relationt^  to  living 
tnatt<>r,  and  accordin^cly  chloride  of  sodium  solutions  to  which  Imrium  chlo- 
riile  hiis  Ifcen  added  do  not  tend  to  keep  the  frog's  heart  active  as  do  those 
cuniainiDfr  lime.  Some  authors  hold  that  barium  can  replace  calcium  to  an 
Impcrfcet  degree  in  the  coagulation  of  the  blood,  hut  this  is  denied  by  othei's. 
?otM»ium  salt«i  tend  to  neutralize  the  eUcct  of  barium  uu  the  heart  and  mu»* 
dcs,  the  relation  resembling  that  which  they  bear  to  lime. 

IfakriuiD  \b  absorbed  slowly  Uoia  the  intestine,  and  is  found  to  be  stored  in 
the  boura  to  Bome  extent,  and  to  be  excreted  in  the  urine  and  probably  in 
ibebfiwol. 

It  hut  been  suggested  as  a  treatment  for  diflerent  forms  of  tremor,  but  baa 
itldom  been  used  in  practical  therapeutics. 

BiBLIOGRAPHy, 

AicK  f.  cxp.  Path.  u.  Plinrtu.,  iii. ,  p,  216. 
Pfliiger's  Arch.,  xxxvi.,  p.  676. 
AwlMOM^  Ouk.     Phil.  Tnina.  of  Koy.  Snc..  1S84,  i.,  p.  22S. 
BuL    Complex  rend.  d.  I'ALnd.,  cxv.,  \>.  251. 
Sr«aln  Bibliogniphy  of  Calcium,  Potaminm,  Rubidium  and  Cvfllum. 

Strontinin  is  a  comparatively  inert  stitstance  even  when  injected  directly 
iito  tlif  bloud,  resembling  calcium  in  it^  action  in  the  body  as  far  aa  is 
bwwn,  but  being  even  less  poisonous.  It  c<)ntrtictft  the  muscles  somewhat, 
ta4i  to  leesen  the  dilation  of  the  heaft,  and  prolongs  the  contraction  of 
■wcle,  though  only  to  a  slight  extent.  It  is  ubsorl>ed  very  slowly  from  the 
bdcMlM  like  the  other  alkaline  earths,  lutd  is  depoi^ited  in  small  quantities 
•8  Ih*  b')nm  of  growing  animaU,  especially  when  there  is  a  deficiency  of  lime 
ill  tie  fwKl.  It  i»  excrctetl  in  Huiall  ijunatitius  by  tlie  urine,  but  mainly 
byUirNiwel.  Strontium  Baits  have  been  used  to  a  limited  extent  in  tbera- 
l^utiM,  uut  for  the  efTect  of  the  strontium  ion,  but  for  the  bromide,  iodide 
orsjIUylttte  effects  of  it^  snlta.  In  view  of  the  fact  that  the  ptrontiiun  salts 
irr  miiR'  slowly  absorbed  than  the  c<irTPsponding  ones  of  sodium  and  polas* 
BUB),  there  would  seem  to  l>e  good  grounds  for  abandouing  their  use, 

PUEPAIIATIONS. 

t.  a  P.  -  Strontii  Bromuhim  (SrBr,  +  6H,0),  1-4  O.  (30-60  gra.). 
flrmHi  lodidum  (Sri,  +  6H,0).  0.3-1  G.  (5-15  grs.). 

UcUu  (Sr(C,HjO,),  t  aH,0),  1-2  G.  (15-SO  gra.). 

BiBLIOGRAl'HY. 

8(*ralciuin,  Bariiun. 

^"^    Amer.  Joum.  of  PhTeiol.,  i.,  p.  83. 

Umddmd  TKarMer.     Ibtd.,  xi..  p.  5. 

XXI.     SULPHIDES   AND   SULPHUE. 

Tb«  orclinnrv  sulphides  of  the  alkalies  are  of  little  Importance  in 
ibern*olvw,  na  iliov  iin-  seldom  used  in  tlieray>eutirj*.  Tlie  ellVvt  of 
bviln»sulphuric  acid,  liowever,  ajxirt  from  its  K>cal  irritant  action,  Is  due 
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to  the  Bulpliide  whi(^h  it  forois  in  the  blocxl,  and  the  study  of  tliia 
powerful  poison  thui'oforc  involves  a  preliminary  exuminatiuo  of  the 
eflccts  of  the  sulphides.  Again,  sulphur  is  in  itself  iniTt,  Imt  is 
c'han^'d  to  8iil]>[iides  and  hydrosulphnric  acid  in  the  alimentary  wiual, 
and  the  et]W-t8  induuMi  hy  itii  adniiuistmtiou  are  due  to  these  bodirs, 
and  not  to  the  original  clement. 

Action.  — The  Biilphides  are  very  weak  salt«,  for  even  carbonic  add  b 

oapab!<^  of  liberating  hydn»sulphuric  and,  aud  wherever  they  coiue  in  cim- , 
tael  with  it  in  i)U'anlity,  tlure  in  u  leiideucy  to  fomi  free  o^id,  whU-h  adsMi 
a  powerful  local  inilanl :  it  is  not  iiiipuBdiltle  that  the  sulphide.^  liBveni 
irritant  effect  of  tbeinselves  in  addiliou  to  Ilml  of  the  hydrosulphurioacHl 
The  sulpliides  aecordiugly  act  as  irritants  in  the  stouiaeh  aud  bowel,  ouil  iii 
the  latter  induce  inereasiil  peristalsis  aud  purRutiou.     When  iiiJMlwl  puli- 
eiitaneously  in  the  frcijr,  sodium  fiiilphtde  eiiusea  a  narcotic  eonditiini  Iri^tu 
depression  of  the  eeutml  uer\ous  system,  and  in  sullieieut  quuntitiit^  wcnkcnR 
the  skeletal  muscle  and  the  heart,  which  continues  to  heat  af^er  comvliW 
paraly^iH  has  Iwon  <.hlained.  but  eveiuuiilly  oe*iws  hi  diiistole.     Hanmrli  hna 
recently  shown  that  allcr  (he  nareoyis  has  lasted  fur  gome  time,  a  new  ren- 
dition follows,  if  only  small  i4uunlities  have  been  given,  aod  especially  if  ibe 
froff  \A  healthy  and  is  kcj)!  cool.     This  consistH  in  an  enormous  incrftt^e  In 
the  rcHex  irritability,  which  induces  convulsions  resembling  thvise  of  str^rb- 
nine  poisoniTif;' iu  their  giucml  clmraeter,  but  diil'ering  from  theui  in  Iti^lti^ 
euntinuoiiwly  for  weekn  or  even  months  at  a  time.     The  animal  lies^  iu  an  ex- 
tended an<i  teuMc  condition  throughout,  and  paaees  into  complete  oftisthotonm 
on  being  touched. 

Siilphidi'8  injecled  intravenously  in  mammnU  induce  violent  convuI»inDS, 
which  seem  to  be  of  cerebral  origin.  '(*jt  they  do  not  oeeur  in  the  hind  limbs 
M'heii  the  spinal  eord  is  out.  The  respinition  is  at  first  accelerated  and  later 
dyspnoeic  and  finally  ceases,  this  aloug  with  the  paralysis  of  the  vaso-molor 
centre  U'ing  tho  cause  of  death.  The  heart  <loes  not  seem  to  be  seriously 
afTectcd  except  indirectly  through  the  fuilui-e  of  the  respiration  aud  the  (idl 
of  the  bliKid-pressure. 

Sulphide  solutions  added  to  drawn  blood  reduce  the  oxybfemc»globln  at 
once,  and  give  the  hloiHl  a  dark  venous  color.  At  the  same  lime  a  eompouod 
of  sulphide  and  hienLughibin  is  fonned»  the  chemistry  of  which  is  still  very 
obscure,  but  which  would  wem  to  be  more  nearly  relateil  to  methicmoglobin 
thau  to  hiemoglobin.  It  is  known  as  sulphu-ha^moglohin  or  a^  sulpho-met- 
hjemoghdnn,  and  gives  ihc  hUH>d  a  greenish  color  when  a  thin  layer  is  ex- 
amined, while  a  thieker  layer  is  dark  red-brown.  This  sulpho-ha.>moglobiD 
piksscsisc'H  a  eluiraeteristie  siH-ctrum,  marked  by  a  dark  line  in  the  red  to  the 
left  of  the  D  line.  I^arger  qmintities  give  aa  olive-green  color  to  the  bUx>d, 
and  the  t^peetriim  <if  Hulpho-boemoglobia  disappears.  When  Fulphidee-  are 
Injected  into  frogs,  and  more  es|H>eially  when  sulphuretted  hydrogen  is  in- 
haled, the  blood  gives  the  characteristic  spcetnun  during  life,  but  (bis  does 
not  seem  to  be  the  case  iu  mammalfi,  although  sulpho-ha?moglobin  is  formed 
soou  after  death.  The  blood  changes  are  not  the  eau.se  of  death  in  poison* 
ing,  as  was  formerly  supposed,  but  the  direct  action  of  the  sulphides  on  the 
central  nervous  system. 

Sulpliides  al»sorbe<i  into  the  blood  are  rapidly  oxidized,  and  are  excreted  in 
the  urine  in  the  form  of  sulphates  anil  of  organic  sulphur  compounds  of  un- 
known constitution.  Small  (pmutities  eseajie  hy  the  lungs,  and  give  the 
breath  the  disagreeable  odor  of  sulphuretted  hydrogen,  and  aci*ording  to 
some  authorities,  some  is  excreted  in  this  form  in  the  perspiration. 

The  sulphides  dissolve  the  horny  epidermis  aud  hair  verj'  readily  wheji 
they  are  applied  to  the  skiu.  If  the  application  is  continued,  some  irritation 
and  redness  is  prodaced. 
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HydroBulphuric  Acid  (siilpliiirerttMl  hydrogon,  hydrogen  Hulphidc  (H.S)) 
liitrcrs  Irum  the  sulphiilos  in  being  u  gius,  i\n*\  iti  it* strong  irriunt  properties, 
which  it  dhures  wilU  other  ucul8  (hco  page  r>r>5).     It  ha3  not   iufrequeatly 
p\cn  rise  t4i  poi.soiiiug,  as  it  is  formed  in  largo  i|Uuntitiea  in  the  course  of  the 
pnta'f.u'lioii  of  sulphur  compounds,  such  as  proteidfi.     Sewer  ga.s  often  eon- 
Uioi  it  in  tpiantity,  and  workmen  employe^l  iu  cleansing  sowers  or  ecsspoola 
bftve  often  ■iuUerod  I>ora  iU  Blfect**.     When  inhaled  in  concentrated  form  it 
1^  nliatmt  immediately  fatal,  the  patient  looting  conflciotif^ness  at  once,  and  the 
ix'^ltinitiun  ceiLsiug  after  a  few  seconds.     In  snialler  i[uunttti03  it  causes  im- 
mediate unconsciousness,  lusting  for  neveral  hours  and  then  passing  into  fatal 
"  ttma,  which  is  often  interrupted  hy  violent  convulsions.     In  both  of  thejse 
(iirnii  llie  sympUnns  are  duo  to  the  ilirect  action  nf  the  sulplddes  on  the  brain 
Md  medulla  olilongata.     Persons  exposed  to  a  very  dilute  vapor  ofsnlphur- 
cti«i  hydrogen  suffer  from  Iwral  irritation  of  the  eyes,  nose  and  throat,  indi- 
by  pain  and  eungirsUun  of  the  conjunctiva,  sneezing,  dryness  and  sore- 
lof  the  mouth  and  throat,  and  a  reUex  inernase  in  the  secretion  of  tears, 
k:«ltoaiul  mucurt.    Hoa^iaclio,  dulniMS,  gi'ldiness  and  loss  of  energy  are  com- 
|lim4  of;  the  syraptoias  frequently  appr-ar  only  some  time  after  the  ex- 
|Kmim  to  the  poison.     According  to  Lchmann,  death  in  animals  exposed  to 
tbew  dilute  fumes  is  due  In  part  to  (edema  of  the  lungs  caused  by  the  local 
irriUut  action.      He  found  ilmt  one  part  of  hydrasnlphunc  acid  in  5,0tX)  of 
lirwft^  sufficieut  to  induce  symptoms  in  man,  and  that  an  atmusphero  eon- 
tf^uioi;  one  part  in  2,(X>J  could  bu  respired  Tor  only  a  sliort  tm»e,  and  giive 
riw  Iu  alarming  symptoms  ;  he  supposes  that  abt>ut  one  part  of  hydrosul- 
ptrariA  acid  in  i,OUO  parts  of  air  is  liutficient  to  poison  man  fatally  in  a  very 
Aon  time. 

The  poisonous  elfccl  of  snlphurettcd  hydrogen  is  due  in  part  to  its  local 
irriuol  action,  in  part  to  its  directly  affecting  the  central  nervous  system. 
1^  ehunjfci*  in  the  blooil  occur  during  life  only  after  very  concentrated  gas 
ii  ialittieil.  although  they  may  indicate  the  poison  after  death  from  moro 
dilute  \"apor,  for  the  tissues  iu  general  tend  to  assume  a  green  color  sooner 
•ft«r  hydrrjsulphuric  acid  poisoning  than  in  the  course  of  ordinary  putrefiLction. 
Hydrogen  .sulphide  is  destructive  to  most  forms  of  life,  even  when  present 
ioniia{iarative1y  small  amount.  Even  the  microbes  of  putrf>faction,  which 
pniaoe  it  themselve-s,  are  eventually  killed  by  this  gas,  unless  it  escapes 
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PrKP.A.  RATIONS. 


l\)Uumi  SufphnroUt  (B.  P.  i,  liver  of  Kulphur  (Flepur  Buluburi»),  \^  u  mixture 

of  putt-«ulphidcs  und  thioHulplmtes,  olXcn  contaltiuig  hutphiitc  of  potn^^iuin.    The 

pt^UT  purt  is  formc«l  of  pntatv^miu  trisulphidc  (K,Sj^)  and  of  |H>t:iiwiuni  thi<i- 

njlfdwu*  (KjJ?,()j).      It  i«  wduble  in  wiitcr  and  |KH4ws((es   iin  unplciistint  rcdine 

don  iidu  r  uf  hydrogen  suljihidc,  which  is  formed  by  its  decuni|UMition 

?r. 

Sytphuratn  {V.  S.  P.,  B.  P.),  sulpburated  lime,  is  another  impure 

HI  containing  at  least  GO  percent,  of  calcium  monosulphide  (CaS) 

-ecnt.  B.  P.),  with  some  calcium  sulphuto  and  charcoal.     It  forma  a 

tfa  powder,  insoluble  in  water,  and  gives  off  hvdrogen  .sulphide.     0.015 

O.  (l-lgr.». 

These  preparations  are  seldom  u.sed  internally,  and,  in  fact,  the  sulphur- 

potaHsium  has  been  found  to  be  a  dangerous  j^oison,  from  the  hydrogen 

tidi*  civtn  off  by  it  in  the  bowel  acting  both  locally  and  after  absorption. 

llphunUoi]  piitassium  i.s  nsed  to  a  vei-y  limited  extent  as  an  external  appU- 

Gftlion  in  certain   ?kin  diseases,  particularly  in  acne,  and  to  dc-**troy  skin 

^mnmtxv,  snoh  as  that  of  scalnes.     It  is  used  as  an  ointment  (1  i>art  to  10 

p*rtd),  and  i*  somewhat  irritant. 

Sotpburated  lime  is  use*!  oc<*a.sionally  to  remove  hair  and  Iiorny  excre*- 
caaoe*,  both  of  which  it  roudcrs  soil  and  gelatinous,  but  it«i  frctiucut  use  U 
liable  to  cause  irritation. 
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'aperient  jx^wilpr,  and  may  be  addctl  to  rhu- 
tliis  purpose  ;  it  cuutk-s  u  &uft,  turiuod  stool,  aud 
tluin  one  evacuation.  It  is  prescribed  for  chil- 
hteraorrlioids,  in  which  it  is  often  very  beneficial, 
jcific  effect  on  the  hwniorrh<Mds,  but  l>eejinFe  it 
er  and  less  liable  to  cause  iiritalion  mechanically. 
>ui\dsed  in  a  variety  of  constitutional  diseases  and 
I  joint  affections,  but  it  is  impoKsible  to  state  at 
IS  any  etTcct  in  these  apart  from  its  improving  the 
ttine. 

has  l)een  xisviX  in  some  t^kin  diseases,  particularly 
len  supplanted  to  a  large  extent  by  the  balsam  of 
ppHed  in  powder  to  diphtheritic  membranes. 

JHAi»iiY  of  Sulphides  and  Sulphur. 

,     Arch.  f.  Aiml.  n.  Phvs.,  ISiJO,  p.  Co'J. 

ch.,  Ixiiv.,  p.  220. 

ygk'nc,  xiv.,  \>.  \%'}. 

'nth.  u.  I'liarni.,  xxii.,  p.  1. 

v.,  p   IJ6.     Ztsclir.  f.  phys.  Chetn.,  xxvi.,  p.  568. 

f.  uiol.,  xii.,  p.  470. 
rch^  cxix.,  p.  143. 
'9.  Cheiu.,  xvii.,  p.  220. 
de  Ther.  exp.  de  Geneve,  ii.,  p.  242. 

Path.  u.  Wiiini),,  xxi.,  p.  Kio. 
i2o. 
).  Pbys.  M.  Phlli.,  v.,  p.  21  a.    Arch.  f.  exp.  Path.  u.  PbAnn., 
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imine  (OrNHjNIU'jHj)  has  recently  been  intro- 
in  the  treiUiiieiit  of  near  ti^*tsne  of  iniiny  ilifferenl  forms, 
ictivi'  bcttiy  in  itMrniul  tissurM,  but  larjre  <l(»bOf*  in  ujiimiiU 
,  weaknt'ss,  and  deep  :»lecp  with  slow,  deep  respiration. 
lem  is  fiD't  dtiniulatwl  and  then  depressed.  Katjil  dosfw 
a  of  the  iiinps  nnd  hydndliorax,  and  in  fnips  Aniisart-n  i« 
;tiijiiiijiiue  lontis  eolorless,  bitU'r,  ixlork'sw  crynta!»  wluch 
k'ohol,  Ics"  so  in  water.  It  is  uwd  lo  induce  softening 
ietal  tiwnio  in  the  skin  and  internal  or^^ans,  and  may  lie 
I>er  cent.  phi.Ntor  or  oiritHient  to  the  skin,  Inil  ii*  niueh 
hyprHlennii'ally  in  15  percent.  »ii]u(iou  in  alcohol,  about 
njertcd  each  ilay.  It  has  alwi  In-en  >:iven  internally  in 
'  form  of  cicatrix,  whether  fnllowiiip  acute  or  chronic 
1  operation,  ha.o  I»ren  tn^ated  with  thioKiniuuine.  and 
ullH  have  hwn  re[>orted.  In  most  fif  the»*c  oases  llierc 
ifS'injr  the  remilb*  by  direct  observation,  but  more  satis- 
mUy  been  adduced  in  cicatriciaJ  conditions  in  the  eye.  in 
tied.     No  explanation  of  the  action  haa  as  yet  been 


f      BlIU.IiXtRAPfTY. 

Phlh.  u.  Pharm.,  xlvii.,p.  321. 
d-  Oegenwart,  VM\  p.  •HI. 
ffed.  Am..  Aug.  0,  1902. 
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ryOBOASir  salts,  ACiDS  AND  BASES. 


XXn.     CHARCOAL. 

CJhuooalf  like  spongy  platinum  and  other  porous  bodies,  poanmici  % 
property  uf  acoumulaliiifc  gaso*  in  its  intorslices  and  thus  ordinarily  ■ 
considerable  i|tmuiiiies  of  oxygen.  W'Uen  l)n»uj5ht  into  contact  wit., 
posing  matter,  the  oxy>^D  is  released  aud  ha^leoi^  the  oxiiUitiou  vf  Ui*:  jiuirc- 
fying  raaiNS,  while  the  gaaea  arising  from  the  bact+'rial  action  arc  alworM  b;- 
the  charc<ial  which  thus  acts  as  a  deodorant.  It  has  no  direct  action  imUu: 
microhfrt  of  putrefaction,  but  may  by  inlroduciu);  oxypen  favor  the  develop- 
ment of  the  aerobic  orgam:iuu  at  the  expeu:?e  of  the  anaerobii:.  Boitlf«i 
gafies,  charcoal  also  abaorfoa  numy  colloid  bodies,  stich  as  the  coloriug  mattt^ 
of  planl«  and  proleids. 

Animal  charcoal  appears  to  possess  do  advantajTcs  over  wootl  chartoil, 
and  they  both  act  when  moist  almost  a«  efficiently  as  in  the  dry  state. 

Charcoal  has  no  app»reciuble  effect  on  the  economy.  af*art  from  its  hf^tt- 
inf^  the  emctation  of  gas  and  the  flattilencc  in  some  ca^es.  It  paiyses  thruu^h 
the  stomach  and  intestine  nnabsorUed,  and  may  in  rare  cases  cait**  wmr 
merhanical  irrilntion  and  inrreast^d  mo\'ement.     Charcoal  pivcn  in  ;i  ' 

auApen-sion  to  animals  is  said  to  have  been  found  in  the  epithelial  ci 
int<«tiue  and  even  In  the  blood  vessels,  but  does  not  have  any  effect  aiinimt- 
able  u>  its  al>Borption  in  man.     (W7/rf.     Med.  Chronicle,  1896.) 

pREPARATIONa 

Carbo  Animali*  (U,  S.  P.;,  animal  charcoal,  bone-black,  prepared  ftnm 
bone. 

Carbo  AninuiHn  Purifiathm  (U.  S.  P.)  w  prepared  by  hoilingr  bone-bUck 
with  hydrochlorie  acid  in  onler  to  remove  the  lime  and  other  impuriTi*^. 

Carbo  Lxgni  (U.  8.  P.,  B.  P.) — Charcoal  prepared  from  soil  wood  aod 
finely  powdered. 

Charcoal  is  used  internally  to  remove  the  pisc3  in  flatulence  and  dyspeii- 
sia,  ami  is  i>res<*:rilH'ii  in  fMjwder  or  in  the  fonu  of  charcttal  lozen^>:i  It  uui) 
be  given  in  any  quantity,  but  is  most  commonly  prescribe*!  in  4-8  (J.  (flO- 
120  grs.)  doses.  It  is  employed  externally  as  a  deodorant  in  cases  of  foul 
ulcers,  canceroas  sores,  or  malodortius  secretions  from  any  source ;  for  this 
purpose  it  is  mldcd  to  poultices  or  used  dry  in  l»aps  of  tine  cloth. 

XXm.    BORACIC  ACm  AND  BORAX. 

Borncic  or  boric  acid  (B((>H).,)  Ih  a  very  weak  acid,  and  it  is  doulit- 
ful  wlicthcr  the  liydrogcii  ions  or  acidity  play  4iny  part  in  ilii  action. i*f 
whether  the  wholo  is  not  to  be  rofernHl  to  the  rest  of  ihc  raoleculc. 
The  ordinary  sodium  coni[}ound,  borax,  Na^B^Oj,  is  stated  by  fiome 
authors  to  be  equally  active,  but  is  alkaline  in  reaction,  ^^  that  the 
exact  relative  importniirc  of  the  two  ions  of  boric  acid  cannot  be  at" 
termiiicd. 

Action.  —  Boracic  acid  and  borax  are  only  feebly  toxic,  bat  l«ip 
qiiantitip-S  taken  hy  tlie  nunith  i^use  ^stric  and  intestinal  irritatioO** 
is  uvidcuced  by  vomitinir  and  purging,  and  even  smaller  amount*  ^ 
sjiid  to  act  as  mild  a|)erients  in  some  v.x\!ri^:^.     In  animals  musculiir  wefl*'  I 
riess  :itnl  collapse,  and,  it  is  said,  nephritis  and  albuminuria  have  l>c** 
elicited  by  the  injection  of  poisonous  doses.     Moderate  doses  arc  wi**^  | 
Old  elfeet  on  the  metal>f>lisni,  hut  larger  quantities  (5—10  G.  perdaV  ^*J 
dogs)  incn^ase  the  nitrogen  excrctiini  in  the  urine.     In  onlinary  amoU"*'* 
borax  does  not  aflVt-t  the  digestion  and  assimilattou  of  fotnl,  but  li'f^? 
doses  increase  tlie  bulk  of  tlie  fiEces  by  retarding  the  absorption  of    ""^ 
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H.^     Both  U)Rix  and  boracic  acid  are  rapidly  abs<:)rbc*d 
owel,  ati<l  du  not  at!ec't  the  intestinal  piitrdaetion. 
ic  acid  has  been  widely  used  as  an  antiseptic  dressinjr,  and  a 
of  caflca  of  seriitus  poiwminy;  have  liecn  rec<trde<l  from  its  ab- 

IThe  symptoms  arose  in  part  from  the  alimentary  eanal, 
in  the  abdomen,  vomiting,  diarrhoea,  <lryness  of  the  throat 
Ity  in  swallowing ;  sleeplessness,  jjreat  rauHculur  weakness 
res:*ion,  dimness  of  sight,  ami  licadaebe  were  also  eoinphiined 
in  Pevere  cases  colla|>^e  and  death  followed.     The  prolonged 

^10  aeid,  internally  or  externally,  lias  rej)eatedly  led  to  sealy 
s  eczema,  ps<»riasis  and  aloju-eia.  Papnlar  eruptions  and 
pmiLs  and  swelling  of  tlu'  skin  appear,  and  a  dark  line  nu  the 
railar  to  that  seen  in  K-ad  poisoning,  is  statetl  to  iK-cur  along 
totion  of  the  month.  Tliese  skin  aftectifms  appear  also  when 
bu<]  in  largo  <puintities  as  an  antiseptic  dressing. 
n  acid  and  Umix  are  excreted  in  the  urine,  in  whii-h  they 
irithin  a  few  minutes  after  ingestion  ;  over  half  the  tpiantity 

Fccretefl  within  1*2  honi-s,  hnt  afterwanl  the  elimination 
ii>re  slowly,  so  that  traces  may  Ite  found  in  the  urine  tor 
more.  It  is  sometimes  stated  that  the  urine  is  increa^ted 
k,  out  this  is  not  borne  ont  by  experiment,  and  ('hitteuden  and 
ind  it  actually  diminished  in  amoiuit ;  the  rea(ti<in  b<L*nmes 
after  suHieient  amounts  of  borax,  as  after  any  othi-r  alkaline 
ion.  Boracic  acid  and  bonix  have  wmic  antiseptic,  puwrr*  for  in 
pnt,  solution  almost  all  forms  of  baeilli  stop  growing;  but  they 
Btroyeil,  even  the  delicate  anthnix  ImciUi  being  fi»uii<l  capable  of 
powtb  nft<*r  expo^^nrc  to  a  4  per  ectii.  solution  for  21  hours. 
icid  is  therefore  valueless  as  a  disinfectant,  but  has  U'cn  used 
tiseptic  dressing  ;  it  has  the  advantage  over  many  other  auti- 
>f  inducing  very  little  irritation  and  of  being  only  slightly 
IS,  but  experience  has  shown  that  it  cannot  be  used  with  im- 
very  large  quantities. 


PREPAKATIONS. 


fcm-unfm  (U.  S.  r.,  B.  R),  Boric  or  Boracic  Acid  (H,BOj),  color- 

bs,  with  a  faintly  bitter  taste,  .soluble  to  about  four  j»er  cent,  in 

are  BO  in  alcohol  uml  glyceriu.     0.3-1  G.  (5-15  (rrs.). 

lum  Borogiyc€rini{V.  S.  P.),  Ghjccrinnm  Acidi  Bond  (B.  P.).     Boro- 

U  a  rompound  formed  by  beating  horic  acid  in  glyeeriu,  and  the 

yccrilum  or  glycerinuin  contains  this  dis-swlved  in  giyccrinj  alwut 

»f  boric  a<'id  being  used  to  form  IfKi  partd. 

Anliitepfinu  (U.  iS.  P.),  eontaiiiing  2  per  cent,  of  i>oric  acid,  ftlonj?  with 

?i«l,  thvnml,  eaailyptol,  and  oilsnf  pip|HTinint.  wintergreen  iunl  thyme. 

him  Acidi  Rnrici  (B.  1'.,  U.  8.  P.).  10  ]»er  cent. 

Joros  (U.  S.   P.),  Bornx  (B.   P.),   Bomx  (Na^B^O,  +  10H,O)  forma 

cr>»tals  with  a  sweetish  alkaline  taste.      U  Is  soluble  iu  water  (16 

which  it  gives  an  alkaline  reaction.     0.3-1.3  G.  (5-20  gre.). 

num  Borucis  (B.  P.)  (1  iu  6), 

racia  (B.  P.). 

jdr  weigtU  f>ften  falls  nnthr  borax  trealment,  and  this  hns  beeii  attrihmed  to 
fat  deHtnu-tloii  by  Ri^t  ami  Riibrior,  vthusUUe  tliat  a  coir&s|K)ndiug  iiicreaj^ 
acid  eiimination  aecoinpiniies  iU 


580  iNORaAyrc  salts,  ahds  afd  hasks. 

Bonicic  a<!i<l  hiw  been  used  ns  a  Hurpicjil  anti«»ptir  in  solution  (foq 
per  cent.),  ointment,  or  lint,  and  the  &oliitiun  of  the  add  or  of  brim 
is  also  U8pd  as  a  wanh  iu  aphthe  and  oilier  fomj;*  uf  irritatiua  of  t^ 
raoutb.      Borueic  acid   solution    hiis   been  given    internally  in  diluff 
watery  solution  as  a  j^enito-nrinary  disinfectant,  lia.H  alsn)  been  injwfw/ 
into  tlie  bladder,  and  is  fi^qucutly  used  in  opiitimhnie  ?iur>;:ery,  as  bis 
iDg  less  irritant  to  tlie  eye  than  the  more  powerful  antiseptics.    Ii 
internal  niwJicine  the  acid  ami  the  wilt  have  Ixvn  ust'd  in  epilepsv.and 
also   in   the  hope  of  dissolving  uric  acid  cah-iili,  but  have  not  lin?o 
shown  to  be  eflficient  for  either  purpose.     Bonicic  acid  and  birax  m 
sometimes  added  to  milk  or  other  ftK>d  as  preservatives,  and  it  bu 
been  much  discussed  whether  the  habitual  use  of  such  preserved  food* 
is  likely  to  prove  deleterioua  to  the  health.    The  ffcneral   result  nf  tJw 
investi^tious  is  that  while  no  preservative  should   Iw  added  lu  food 
uidcHs  it  is  absolutely  unavoidable,  boric  acid  is  less  liable  lo  (Irrange 
the   health    than    most  ttther   presen'ative.«.      F(H»d5    preservMl  witii 
boracic  acid  ishuuld  not  he  used  by  delicate  individuals  or  by  clillihw, 
however,  and  the  (juantity  i»f  the  acid  tis«I  must  be  strictly  limiwd. 
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XXIV.     CARBONIC  ACID. 

Carlwinic  arid  is  contained   iu  eonsiderablp  quantity  in  many  thp**' 
(KHitic  piX'piir.iti(Mi.s,  notably  in  the  effervescent  eatliarties  and  antaf"^' 
and  also  in  nuiny  beverages,  such  as  soda  water,  potash  water,  chft"'' 
pagne  and  other  sparkling  wines.     In  some  of  these  it  is  furmetl  *; 
the  action  of  an  acid  such  as  citric  or  tartaric  acid  on  carbouato!*,^^** 
others  it  is  liberated  in  the  course  of  fermentation,  while  in  the  art*J'' 
cial  aerated  waters  it  is  forced  into  solution  undor  liiph  pro?^ure.     *  " 
last  are  therefore  simple  solutions  of  carbonic  acid,  while  iu  die  otb 
more  [wwerful  agencies  —  cathartic  salti*  or  alcohol  —  are  contained  * 
addition. 

Carbonic  acid  has  a  weak  irritating  action  when  apjdied  in  quantity 
thus  in  baths  charged  with  carbonic  arid,  a  slight  n-ddening  of  *" 
skin  has  been  observed,  and  some  irritation  and  prickling  of  denuc'* 
surfaces  is  produced  ;  a  stream  of  carbonic  acid  directetl  againsO 
wound  or  burn  causes  considerable  heal  and  |>iun.  Pure  carbonic  a.^ 
gas  causes  spasm  of  the  glottis  when  inhaleil,  and  even  when  ii  is  m 
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diluU^d,  !4ome  irritittion  in  the  rt^pinttun'  pfu^sugcs  luay  follow  ut  firtit. 
Motion*  of  (rurlNtiiit*  iirul  indnec  rc<l{U'nin^  of  the  muMiiiH  mrml)rnDe 
of  the  rimiith  unil  stoni:io!i.  and  art*  very  raii'Mlly  al>sorbrd,  owing  to 
tbe  oonpfslion  :uiri  incrwised  lilonil  flnw  in  tho  stotnaeh  \v:ill  whicli 
fiiUows  tlieir  adioinistnilioit.  Much  of  the  r-jirlwiiir  acid  is  thrown  up 
brcruclfltion,  hut  some  of  it  is  absorbed  and  is  excreted  by  the  lungs. 
The  abwrl^wd  acid  luu>  no  clfcct  on  the  orgnnipm,  but  the  sliglit  irrita- 
tiiinof  the  stoniuoh  may  catu^c  increased  appetite  und  a  feeling  of  wdl- 
bnng*  The  rapid  absorption  of  the  water  in  wliieh  it  is  di>>nlved  is 
Jblloved  by  un  augmented  aecretion  of  urine,  and  the  carboidc  acid 
yttHnTs  are  tiierefore  used  in  preference  to  ordinary  waters,  where  a 
npi(!  flu^ihing  of  the  tissues  an<l  a  |irofu?it'  weretion  of  urine  is  de- 
fifctl  In  addition,  the  sUght  irritatinn  of  the  mouth  and  stomach 
Koders  them  more  neoeptal»le  than  ordinary  watcn*  iti  fever  ami  in 
otbd' iliscasoH  accompanied  by  inteiiho  thii'st ;  a  mixture  of  milk  and 
irrattd  water  is  often  very  grateful.  The  prcsenee  of  carbonic  acid 
in  the  sparkling  wines  leads  to  the  rapid  absorption  of  the  alcohol 
liw,  and  this  action  on  the  ntomach  may  explain  their  being  more  cx- 
Librating  than  other  wines  contiiining  an  equal  amount  of  nlcolioL 
TIm^  iilight  irritnnt  elleet  of  carbonic  acid  in  the  stomach  hatt  proved 
of  Wfit  in  some  forms  of  gastriu  catarrh,  such  as  that  folh>wing 
ilrobf.iic  excess.  Carbonic  acid  waters  arc  also  uaeful  iu  the  vomiting 
of  jinguancy  und  in  seasickuest!. 

The  prolonged  application  of  carbonic  acid  to  the  mucous  raem- 
bniK3  leads  to  lc>c;d  unu>sthesia,  und  numbing  of  the  skin  is  alno  stated 
Iu(Krur  under  similar  treatment. 

Carbi>iiic  acid  is  Hl>sorl>ed  from  all  the  muct>us  niond)ranes,  fn»m  tlie 
"Itiuand  from  the  lungs.  The  gas  has  no  efiect  after  absorption  ex- 
cept when  inbaliMl,  however,  as  when  absorbed  in  any  other  way  it 
in  St  mvv  excreted  bv  the  lungs,  and  the  amount  absorbml  never  alters 
ipppeciably  the  normal  percentage  of  c;irlHmie  acid  in  the  bhxMl. 

WhMi  cmrbonio  acid  is  inhale<l  unmixed  with  oxygen,  it  induc^^s  a-^phyxla. 

CnJv  fMm  u  si>ecific  action  which  it  exerts  on  the  central  nervous  system, 
t  chii'dy    from    the  alisenoe   of  oxygen.      Its   efleols   aro   therefore  very 
flotiliir  lo  thosf  of  any  iuditferent  giis,  such  ns  hydrogen  or  nitrogen,  an  I 
t4p  «yinploiiis  are  thiww  of  ordinary  a-^pliyxia.     When,   however,  enrbnniu 
•••id  \a  intialed    mixetl    with    a  sutKeicut  unmunt  of  oxygen,   the  s|>ecitic 
iSocU  of  the  icis  are  ol>serviHl  without  any  asphyxia.     Tbo  symptoms  aro 
ItkHc  of  tmnsient  stimulation  and   .tubseiiuent  ilepresaion  of  the   central 
wrvou*  system  and  heart,      Tho  first  stage  i^  imirked  by  a  very  short  period 
of  p»ychieul   exaltation,  with  deep  respirations,  »  shghl  rise  in  the  blo«>l- 
prv«surtt  and  a  moderately  slow  pulse.     Very  soon,  however,  uneonseious- 
■CM,  toM  of  the  spontaneous  movements,  auil   later  of  tho  spinal  reflexes 
MJo#.  the  rt*spimtion  l)oeomesi  snniewhat  slower  and  Hhallower,  the  pulso 
BMCUiisM  •low  an.J  the  heart  is  weaker.      If  the  inhalation  be  euulinued  tho 
ranAntion  fiiils.  the  henrt  ex»ntinuin^:  to  boat  for  a  short  time,  tlioujfh  weakly. 
Ite  «]rmptoins  of  tho  first  stape  aeera  to  be  due  to  a  direct  stimulant  action 
«•  lheeer«bniin  and  on  the  vaiow,  vaao-raotor  ami  respimtory  centres,  while 
te«eonad  stage  msembles  that  inducetl  by  the  ordinary  aiuesthotics,  and 
ktevidmally  caused  by  depression  of  the  central  norvoua  system  and  of  th© 
■aoAcle.     In  fact  a  mixture  of  carbonic  aeid  and  air  has  lieen  uaeil  as 
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an  ausesthetic  in  one  or  two  surgical  operations.  Death  from  carbonic  add 
polsoniag  is  not  preceded  by  convulsions,  those  observed  in  ordinary  as* 
phyxia  being  due  to  the  absence  of  oxygen,  and  not  to  the  excess  of  ca^ 
bonic  acid ;  it  is  still  undecided  by  which  of  these  factors  the  increased  pw^ 
istaUia  seen  in  suffocation  is  caused.  In  well  diluted  vapor  the  symptoms 
of  exaltation  alone  are  observed,  no  ansesthesia  following. 

Carbonic  acid  in  excess  acts  as  a  poison  to  other  organs  besides  the  ceotrd 
nervous  system  and  the  heart,  although  this  effect  is  not  seen  in  mammab. 
Prog's  muscle  loses  its  irritability  rapidly,  the  ciliated  epithelium  ceases 
movement,  and  the  motor  nerves,  after  a  short  period  of  increased  excita* 
bility,  are  paralyzed  by  exposure  to  an  atmosphere  of  carbonic  acid,  tlie 
blood  assumes  the  venous  color  when  shaken  with  the  gas,  and  prolonged 
contact  produces  acid  haematin,  as  does  any  other  acid. 

Carbonic  acid  probably  acts  as  a  general  poison  to  the  protoplasm  in  mam- 
mals, apart  from  the  effects  on  the  central  nervous  system,  for  the  combustion 
in  the  tissues  is  lessened  to  an  extraordinary  degree,  as  is  evidenced  by  ^ 
very  small  amount  of  oxygen  absorbed.  ^ 

Compressed  carbonic  acid  gas  absorbs  much  heat  in  expanding,  and  » 
stream  of  it  directed  against  the  skin  induces  intense  cold  and  might  thw'©^ 
fore  be  used  to  induce  local  ansesthesia.     (See  Ether,  page  182.) 

The  inhalation  of  diluted  carbonic  acid  has  been  recommended  in  varioc*^ 
pulmonary  affections,  such  as  phthisis  and  bronchitis,  but  is  of  very  doubtf*^ 
All  benefit. 

Mineral  waters  containing  large  quantities  of  carbonic  acid  in  solution  ar^^ 
often  recommended  as  baths  in  various  chronic  diseases,  such  as  rfaeumatisnU''-^ 
The  effects  may  be  due  to  the  carbonic  acid  in  part,  but  these  waters  also^ 
contain  salts  in  solution. 
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XXV.     CHLORINE  AND  BROMINE. 

Chlorine  and  bromine  resemble  each  other  closely  in  the  effects 
whicii  liiey  induce  in  all  forms  of  living  matter.  These  may  be  ex- 
plained in  part  by  their  replacing  hydrogen  in  its  combinations  in  the 
proteids  and  forming  hydrochloric  or  hydrobromic  acid  with  the  hydro- 
gen set  free,  in  part  by  their  combining  with  the  hydrogen  of  water 
and  thus  liberating  nascent  oxygen,  which  then  acts  on  the  tissues. 
The  latter  process  is  believed  to  account  for  the  fact  that  chlorine  is  a 
much  more  powerful  disinfectant  in  moist  air  than  in  dry.  In  the 
higher  organisms  all  of  these  reactions  probably  occur  together. 

Action.  —  Chlorine  and  bromine  are  general  protoplasm  poison? ; 
thus  3  parts  of  chlorine  in  1,000  parts  of  moist  air  are  sufficient  to 
destroy  the  spores  of  most  bacteria  in  the  course  of  three  hours,  and 
the  infusoria  and  the  higher  plants  have  been  shown  to  be  equally 
susceptible  to  the  influence  of  the  gas.  Even  smaller  quantities  of 
bromine  are  disinfectant. 

In  the  higher  animals  and  in  man  chlorine  and  bromine  act  as 
irritants.     Thus  chlorine  water  (a  saturated  solution  of  chlorine  in 
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water)  induces  irritati()n  and  reduess  of  the  skin,  and  even  blisU'riag, 
whco  the  pas  is  prevented  from  etseajtiny;.  Jiioniine  also  causes  very 
jtainfnl  blisierinp,  the  fumes  penetrating  more  tleeply  into  tlie  tissues 
tian  the  non-volatile  irritants,  and  causing  more  \vid(;s|>read  irritation. 
Broiniue  or  chlorine  water,  when  swallowed,  elicits  intense  intlamraa- 
tifiii  and  corrosion  of  the  mouth,  throat  and  stomach,  with  collapse  and 
»]|  the  ordinary  eflects  of  gastric.  Irritation,  Air  containing  even  a 
very  small  proportion  of  chlorine  irritates  the  eyes,  nose,  larynx  and 
the  d(»p|)t»r  respiratory  |»assages,  the  hronchi  and  lungs  seeming  more 
suswrptihlc  than  the  rest  of  the  tract,  for  hronchiti.s,  pulmonary  con- 
gestion and  hemorrhages,  coughing  and  pain  iti  the  thorax  are  induced 
by  quantities  that  cause  little  or  no  irritation  of  the  mouth  and  nose. 
Lehnianu  found  that  oi»e  volume  of  ehh^rine  or  bromine  vapor  in  one 
million  parts  of  air  cause  some  irritation,  but  no  serious  results,  but 
that  ten  voliimcs  in  the  same  amount  of  air  iniialcd  for  some  time, 
csttiM*  hiemorrhage  and  inflammation  of  the  lungs,  severe  bronchitis  and 
otiior  similar  eflects.  After  fatal  poisoning  from  the  inhalation  of 
bromine,  he  observed  marked  irritation  of  the  gtistrie  mueiuis  mem- 
bruK»,  while  this  symptom  was  absent  alter  chlorine.  Another  yvrt'inx 
Iq  vbicJi  bromine  differs  from  ehhirine  is  in  its  powerful  action  on  the 

hair,  which  is  rendered  soft  nnd  gelatinous,  and  eventually  removed 

entirely  by  ex]M)8ure  fur  some  time  to  the  vapor. 

Tiow  fiymptorns  of  chlorine  and  bromine  poisoning  are  rauped  by  their 
btmliiclion  only,  and  are  so  severe  ihat  tht-y  might  conceal  those  induced 
b]rttMefle<:ts  of  the  halogens  utH'r  al>sorption.  The  greal<'r  proportiua  of 
Uilpoiaona  is  undoubtedly  changed  to  hydrochloric  aud  hydrobromio  acids, 
ud  these  uir-iui  tj  chlorides  and  broiuidtts  In  the  course  of  absorption.  But 
It  hjem-*  iio-tsible  that  some  iniiy  form  proteid  compounds  in  the  bi)dy  (us 
k»Pt>eiw  ui  th'*  tcit-tnbej,  and  that  these  may  have  some  action.  \»  a  mat- 
ter of  IacI  both  chlorine  and  bromine  are  stated  to  have  a  narcotic  etl'ect  on 
Ihflbroio  ijuit^  apart  from  their  local  ertects,  but  nothing  further  is  known 
')(  tlnrir  iirtioii  in  the  liAHUt-.-*.  Attfntir)n  haw  been  drawn  to  »  number  of  cases 
■Dvhivli  nyrn|ilit:Mfl  anx+e  in  wurkim-n  in  chcniicul  faclorii.*?*  where  chlorine  is  Ub- 
micii  br  i-Iectn>lyMis,  or  uiort*  rari'ly  in  otliors  where  hvtlnH'hloric  acid  ts  fttnned 
loUrvr  (juantitie!^.  The  nin^tt  umrkini  symptom  in  an  nttecljon  of  the  i^ebaeeous 
(Luitlii,  frvui  which  the  condition  receives  it^  nanu*  of  ehlorinc  acne,  but  thin 
iitduit^  headache,  8ltfple-**<ness,  lus-s  nf  ai»petitc,  and  amemiii.  No  satis- 
Y  ciplnuatimi  i^f  tliu  tiyniptoms  has  been  given,  nor  h  it  knitwn  whether 
w  chlorine  or  ituoic  unknown  body  is  the  cause  (Lehmann,  Jacquct). 

pREPAnATIONS. 

£*7Mr  C%fori  Compfmht^  (l*.  y.  P.  i,  chlnriut'  water,  contuin^  at  least  4  jMuis 
•'^UwpM  in  I.tMIO  part.**  of  water.  It  is  a  dear,  jrreein^h  liipiiil  with  the  »uf- 
*>»alinK  fMtor  of  chlorine  and  \»  liable  I"  form  liydn>chlnric  Hctil.  especially  whea 
«rp>Md  Id  iho  air  and  nunlight.  It  ought  thcri'Tort'  to  W  freshly  prepared  when 
th'full  stmngtb  in  re<|uinHl. 

CtUr  Chforitntfit  (U.  S.  P.,  B.  P.).  chlorinated  lime,  bleaching  powder,  some- 
Uma  i-rronriiusly  called  chloride  of  lime,  is  a  compound  rnrnied  by  the  action  of 
rhlorim-  oil  lime.  It  rfinsint*  of  a  mixture  of  calcium  hypo«.'hInritc  ((-'a(ClO)j), 
niiium  chiorido  (CaCl,),  lime  and  water.  The  hyiHtchlorite  is  very  unstable 
uiii  pivr*  otf  chlorine  in  air,  and  ej*|wci«lly  in  the  presenee  nf  an  acid.  Strong 
juid»  ftlni)  free  the  hydrochloric  acid  of  the  chloride,  and  this  is  decomposed  by 
Ihf  lupiic'blorite  into  chlorine  and  water.     Chlorinated  lime  fonus  u  wUiOi  Qt 
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gniyish-white  powder,  with  the  odor  of  chlorine.  It  is  only  partially  soluble  in 
water  and  mu»t  contain  not  less  than  35  per  cent,  of  available  chlorine,  U.  S.  P.; 
33  ])er  cent.  U,  P. 

Liquor  Calcis  Chhnnattr  (B.  P.).— The  solution  should  yield  about  3  per  cent 
of  chlorine. 

Liquor  iSfidfF  Chhritmfft  (U.  8.  P.,  B.  P.),  solution  of  chlorinated  wxla,  Labar- 
raque'a  «olution  or  Javelle'H  solution,  is  fomikl  from  chlorinated  lime  and  con- 
tains hypochlorite  of  Hoda  (NaCK))  and  chloride  of  soda.  Like  the  corresiMind- 
in^  lime  salt,  it  has  the  odor  of  chlorine  and  bleaches  vegetable  colors.  It  must 
contain  at  least  2.fi  per  cent,  by  weighs  of  available  chlorine,  U.  S.  P. ;  2.5  per 
cent.,  B.  P.      10-20  mins. 

Bromum  ((J.  S.  P.),  bromine.  -*  heavy,  brownish-red  liquid  evolving  a  yel- 
low-red, very  irritant  vapor. 

Chlorine  was  formerly  used  internally  in  infectious  disease,  but  this 
has  been  entirely  abandoned,  since  it  has  been  recognized  that  it  is 
much  more  poisonous  to  the  higher  animals  than  to  the  micro-organ- 
isms.    The  inhalation  of  chlorine  in  phthisis  has  also  fallen  into  dis- 
use for  the  same  reason.     Chlorine  water  and  the  solution  of  chlori- 
nated soda  are  still  occasionally  used  as  antiseptic,  deodorant  solutions 
in  the  treatment  of  foul  sores,  and,  more  rarely,  to  disinfect  the  han 
before  operation  ;  both  preparations  are  very  irritant,  however.    Cbl 
rine  water  much  diluted  has  been  used  as  a  gargle,  as  a  vaginal  injeo*-^.^ 
tiou  and  for  other  similar  purposes. 

The  ciilorine  preparations  are  chiefly  used  to  disinfect  fsBces,  urinal     ^ 
and  to  a  less  extent  rooms  and  houses ;  for  this  purpose  chlorinates^ 
lime  is  tlie  most  suitable,  especially  when  acid  is  added  to  it  in  rrmr^a^ 
The  room  ought  to  be  hermetically  scaled,  and  the  fumes  are  of  c^m 
value  as  disinfectants  unless  they  are  present  in  such  quantity  aB  ^*» 
render  the  air  quite  irrespirable.     They  have  the  disadvantage  tli«it 
they  bleach  most  t)f  the  colors  used  in  dyeing,  and  fail  to  penetrate    in 
sufficient  quantity  into  the  clothing,  which  they  also  corrode  to  some 
extent.     Chlorinated  lime  exposed  in  the  sick-room  merely  serves   os 
a  deodorant,  and  has  no  disinfectant  value,  but  has  the  disadvanta^ 
of  giving   a  false  feeling   of  security  like   other  similar   measure-      " 
Chlorine  seems  inferior  to  suljjhurous  acid  anhydride,  and  still  nci*^'"' 
so  to  formalin  as  a  disinfectant,  not  from  its  being  weaker  in  acti<***' 
but  because  it  is  more  difficult  to  apply  in  sufficient  quantity.     CI***'" 
rinated   lime  can,  however,  be  applied  in  urinals  and  closets,  wt»^**^ 
both  these  disinfectants  are  unavailable.     Here  it  acts  again  as  a   <i*" 
odorant,  while  its  disinfectant  value  is  smaller. 

Bromine  is  also  powerfully  disinfectant,  but  has  not  been  used  p^'^^V^ 
tically  for  this  purpose  in  recent  years.  It  is  occasionally  emplo^^*^^ 
as  a  corrosive,  e.  </.,  in  disease  of  the  os  uteri.  ^j 

In  Poisoning  with  chlorine  taken  by  the  mouth,  alkalies  are  adviX^^^ 
with  the  view  of  neutralizing  the  acid  formed,  and  narcotics  may  '^ 
necessary  for  the  pain.  In  ca.ses  of  poisoning  by  inhalation,  ste^^^^T 
may  be  inhaled  to  lessen  the  irritation,  and  ammonia  has  been  advis-^^^* 
but  is  itself  irritant.  In  corrosion  of  the  skin  with  bromine,  one  h^^ 
per  cent,  carbolic  acid  has  been  applied  with  success,  it  is  said,  tJ^^ 


imiiie  being;  preoipitiit*Kl  as  l>n>inf)hcnol.     Vajwir  of  carlwlic  aeid 
aliK)  been  inhaled  in  bromine  irritation  of  the  nose  and  throat. 
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XXVI.     OXYGEN. 

Ever  since  the  diftcovery  of  l\w  rehiiion  of  oxygen  to  the  rospirotiou,  ot- 
tcnipt^  huve  been  uiudi-  to  u-m?  it  in  tlicrapeutics,  by  inhtilinff  thi?  t^\»  pure  or 
aixwl  with  air,  or  by  spendiuj;  a  *'oilnin  time  eiieh  day  in  phuinlM?rB  of  com- 
pnMsed  air.     It  waH  expct'tcd  that  by  ihese  meanfn  a  larger  amount  of  oxyf^en 
would  be  atK*orbod,  and  a  more  aelive  combutfUon  in  ihe  tissuea  would  be 
indiioti.     Ti»e  al)sorption  of  oxyia:en  by  the  lunjca  does  not  depend  on  tb« 
niiil  prcs-iuro  of  the  oxygen,  however,  but  on  its  affinity  for  the  reduced 
iglobin  of  the  corpuscleu.     It  is  true  that  the  <ixypen  dissolved  in  th* 
la  is   inere-ased    dy   a   great   rise   in    the  barometric  pressure,  or   by 
baliug  pure  oxygen,  htit  this  di.ssolved  oxygen  is  trifling  in  amount  com- 
\rv<\  with  that  in  eombiimtion  witli  the  htumojurlobin.     Under  ordinary  eou- 
iliti'ms,  then,  the  air  is  sutHnienl  to  oxidize  ulmusl  all  the  reduo*'d  hiemo- 
bin  passing  through  the  lungs,  an<I  oxygen  lessens  but  slightly  the  small 
>|»rti(>u  that  «'S)*»pes  by  the  pulmonary  veins  uuoxi<lizeil.     As  far  as  the 
ut's  are  conccrrifd.  the  oxidation  U  of  course  the  Bume  whether  the  oxy- 
liemoKlobin  carrie<i  to  them  by  the  blood  was  formed  in  a  pure  atmosphere 
of  oxyt^en  or  in  air,  of  which  it  rompriBes  only  about  20  per  cent.     The 
*l'glit  increais<!  in  the  oxyhrenioglnhin  of  the  blonrl  has  no  appreciable  eCTect, 
*»  more  oxygen  is  olTcred  to  the  tissues  normally  than  they  eun  u.ssimi]ate. 
"iathereforo  inconceivable  that  the  very  slight  increase  in  the  quantity  of 
^^j;ru  in  the  bhxHl  can  have  any  cllccl  on  the  oxidjition  in  the  ti*»uea  under 
OftiiiL-iry  conditions.      Hut  if  the  gas  be  inhaled  und^-r  hi^di  [yreshure  llu*  aug- 
"'fuied  rcnsion  in  the  blood  may  induce  «ome  symptoniK,  ami  thin  in,  Hcci;rdiiig 
y  J^Oiilh,  the  explanation  of  a  tendency  to  tetanic  c(*nvuUi(»riH  which  he  found 
''"^elniK-'d  in  aniiiKilt^  under  these  lircumbtanci-K  ;  hilarity  and  some  other  nerv- 
'**w  <*ffix't(i  arc  said  to  have  been  induced  in  man  in  some  int-taiiccs,  and  the-ie 
!^y  also  be  interpretcti  as  the  results  of  the  high  oxygen  tension  in  the  1iIo<h1. 
k  ^*'y  ^^'^''c  not  the  prt»durts  of  t'ancy  and  suggestion.     Oxygen  inlmlution  is 
^fefnpo  incapable  of  increasing  the  oxidutioa  in  the  tituues,  or  in  tact  of  uiodi- 
■ ''>g  in  niiy  way  Uie  metabolism,  and  experience  has  shown  it  to  be  valueless  in 
.'**'h  constitutional  dise;isea  as  diabetes  and  gout,  in  which,  more<wer,  it  has  l>een 
**'toonstratod  that  there  is  no  dertcienoy  in  the  oxygen  of  the  bltKnl. 
I^The  fiirther  fiue»tion  arines  whether  oxygon  inhalation  is  likely  to  be  of 
?^**eftt  in  the  cyanosLs  due  to  severe  e-jirdiac  or  pulraoimry  disease.     Improve- 
ment is  vcr>'  often  observed  clinically,  the  skin  Iiising  its  dark  color,  and  the 
jF^kimtion  and  heart  becoming  less  rai^id  and  labureil  as  soon  as  the  inhala- 
^n  Is  commenced,  and  alarming  symptoms  returning  when  it  is  stoppeil. 
^>ii  may  be  explained   by  the  larger  amount  of  oxygen  dissolved  in  the 
I^™*^!  when  air  is  breathed,  the  plasnm  containn  only  about  0.6  per  cent. 
^5^  oxygen   in  simple  solution,  but  when  f>xygcii  is   iuhaletl  the  percent-ngo 
?***y  rise  to  3  per  cent,  ami  this  may  rein  tone  the  oxygen  carried  by  the 
'^'^tjinglobin.     In  cases  in  which   only  a  small  t|uantity  of  blood  is  painted 
'^^'Xingh  the  luiiga  owing  to  circulatory  disorder  or  where  the  aerating  surface 


584  iNonaAmc  .sal'ts,  acids  and  bases^ 

jrrayish-whit^'  pttwdtT,  with  the  odor  of  chlorine.     It  is  only 

waUT  and  must  contain  not  Wan  than  35  per  cent,  of  availa>  js 

3^  per  t-L-nt.  11.  V.  « 

LiifHor  Ca/rh  Chhrinnto' (B.  P.). — The  solution  flhou^   ■  * 

of  (■hlt)rim'.                                                    '  ™ 

Lupinr  .Sfnh-  Chhriuatfr  (IT.  B.  P.,  B.  P.),  so'utir  \^ 

raiiiic's  Kitlution  or  Javelle's  sohition,  is  formed  fr  •■*? 

tains  Iiypoclilorito  of  whIu  (NaCIO)  and  chloridr-  "'"*' 

iiifT  lime  Witt,  it  has  the  otior  of  chlorine   and*,  ^^ 

contain  at  least  2.(J  per  cent,  hy  weigh:,  of  a'  '"(""^  -.1 

cent..  It.  W      10-20  mina.  i''^" JT 

Bromum  (U.  S.  P.),  bromine.  •.  heavy  ' '"  " 

low-rod,  very  irritant  vai>or.  -   ^{ 


iiicapft 


ble 


Chlorine  wa.s  former'/  used  i;  -^^^^  carbim     -  - 

003  been  entirely  abandoned. 


►  itn  carw"  -  j^t 
um  is  indicate*" -^^ 

,  .  i    ^L    •  uwina  disaolvw  en*^  ^i 

much  more  poisonous  to  the  ^.  ^-^^^  corpuscles  iMttf-t 


isms.     The  inhalation  of  e'  .ai  the  symptoms  of  defit-' 

use  for  the  same  reason.    ,-  ^ 

nated  soda  are  still  oooa'>/  ^^^e  much  retarded  in  their  gro^ 

in  the  treatment  of  for  '  -  -ttempte  have  becm  made  to  reat  pi^ 

ju  uuo  wcaLiucuv  v^'^" ..  .atiou.     The  resultu  have  been  less  disa^ 

before  operation  j^lw' ,  •  ^^jj^,^  treatmenta  by  inhalation,  but  nodi^ 

rine  water  much  di,  •'        _^^\  in  some  cases  hiemoptysia  has  been  induced 
tioii  and  for  other'         -^ed  cause.     Smith  has  recently  found  that  the  in 
The  chlorine  ' '       '*^^'^  some  pressure  causes  irritation,  congestion  an* 

and  to  a  leM  e        ^""^'^  '"  ""^*^  ""*'  '""'"'^■ 

y        ,      ,  ^tml  through  a  inask  connected  Avith  a  larfi:c  container  whit 

lime  18  the  nr  j^mk  of  the  compressed  gas.  Very  oft*.'n  the  oxygen  may  I 
The  room  jraod  for  this  j)urpose  a  small  opening  may  be  made  in  tl 
value  as  i"*' 

render  ♦].    ^^  ,it'tive  oxygen  (Oj),  is  a  much  more  powerful  oxidizing  body  ths 

they  b'^,I,ty#H'"T  but  is  more  easily  reduced  than  peroxide  of  hydrope: 

auffir  .'*''^iiriows  ]>hospliorons  odor  and  is  somewhat  irritant  to  the  respirutoi 

'*£drt*'^'  ^"*  *^  *^  almost  always  accompanied  by  nitrogen  oxides,  ax 

®*  ^y**^  (iio  properties  which  have  been  ascribed  to  ozone  may  be  due 

•     -'*^i'Inpurities.     It  is  rapidly  decomposed  by  living  matter,  and  it  seci 

r^'jnijtrobable  that  it  can  l>o  absorbed  into    the  blood  ;   yet   Binz  ai 

■  ^rJ<  lM*li<^ve  that  ozone  induces  narcosis  in  dogs,  rabbits  and  kittens,  ai 

'"^ulz  f<>**»d  in  experiments  in  which  ozone  was  inhaled  repeatetily  for  loi 

iJfiWs  that  it  induced  vomiting  and  dyspnoea,  bronchitis,  aniemaand  bloo- 

jUtnivusat  itm  in  the  lungs  ;  conjunctivitisalso  occurred  in  some  experiment 

jl^>bulz  ascrilx's  these  symptoms  to  the  ozone,  but  they  may  be  due  in  part 

fniiy  rate  to  the  impurities,  or  |)erhap8  to  oxygeu. 

Ozone  has  undoubtedly  antiseptic  properties,  but  these  are  only  nppare: 
when  air  contains  IS.'*  nig.  or  more  per  litre.     Even  this  disinfects  only  the  a 
itM'U'and  tlie  surfaces  of  c)i)jccts,  as  the  ozone  lt)scs  its  oxidizing  properties  whei 
ever  it  comes  in  c()ntact  witli  oi^anic  matter  and  therefore  fails  to  penetrate, 
has  recently  been  adv<Kated  to  disinfect  drinking  water. 

Ozone  inhti1nti<m  hius  been  recommended  in  the  hope  of  increasing  tl 
oxidation  of  the  tissues,  and  as  an  antiseptic  in  pulmonary  phthisis,  but  i 
irritant  projierties  preclude  its  use  here,  and  it  has  been  generally  discardc' 
It  was  PU]>i>oHed  to  be  formed  in  turjicntine  oil  <m  standing,  and  old  turpe 
tine  oil  was  therefore  recommended  in  (!a.sea  of  phos]>horus  poisonin 
with  tlie  hoi)e  that  it  would  t^'nd  to  oxidize  the  phosphorus  and  render 
harmless.  Kccent  investigations  show,  liowever,  that  no  ozone  is  formed 
turpentine  oil,  and  there  is  no  n'lison  to  suppose  that  the  treatment  is  i 
beneiit. 
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nirc  of  oxygen  iind  jieroxidr  *»(*  hyirntren,  ami  inuny  other 

ozone  contuiu  only  nmull  pcrtentnges  of  the  peroxide 

thouKli  the  hitter  is  »t»luhle  in  water,  it  ilceouipoeea 

f  it  being  found  in  the  Polution  after  10-15  duys. 

yl  docs  not  form  hydropen  peroxide. 

•1  appealed  to,  in  onler  to  explain  and  ndver- 

•  waterinp  phieea  and  forest  resorts  but  it 

d  that  the  air  in  these  localities  contains 

]  jtlaces.     The  curative  agency  is  gen- 

aud  the  dictaiy. 


^  ,.p.  19. 

'  il  Phvsinl., 

,    M.-.i./li>00, 
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XXVn.     PEROXIDE  OF  HYDROGEN. 

tydrogen  peroxide  or  dioxide  (H^OJ  teuds  to  break  down  into 
and  oxygen  very  rapidly  in  the  presence  of  many  subntanoes. 
Itch  io  theraaelves  may  be  either  oxidizing  or  reducing.    Among  the 
[wclies  which  induce  this  decomposition  or  catalysis  are  all  forms  of 
"Vidg  matter,  and  the  ]>eroxide  of  liydrt)gen  Ls  thereft>re  <ie<*oinj>o.stHl 
J^hni  brought  in  contact  with  the  tissues,  the  oxygen  thus  liberate<i 
^  a  na?(oent  condition  tending  to  oxidize  its  surroundings ;  the  chief 
^«eels  of  this  liquid  are  ihercfore  due  to  its  oxidizing  properties.     It  is 
illy  niet  with  in  dilute  solution  in  water,  and  in  this  form  alone 
in  medicine.      Brought  iu  coutact  with  the  skin,  peroxide  of 
solution  is  decom|x)sed,  and  numerous  bubbles  of  oxygen  are 
but  this  dpeiim|>osition  proceeds  much  more  rapidly  when  it  is 
ipplied  to  denuded  surfaces  or  to  mucous  membranes.     The  oxygen  is 
f'>r[ne*i  in  such  quantity  that  some  irritation  may  follow,  and  thus 
'l'*)fs  often  vomit  when  it  is  administeretl  in  (piantity  by  the  mouth. 
When   it   is  injected  subcutaneously,  a  large  amount  of  oxygen  is 
io  the  8ubcutane<Mi9  tissues,  but  some  of  the  peroxide  escapes 
litioa  and  is  absorlMnl  into  the  blood.     Here  the  decomposi- 
proceeds  more  violently,  the  re«l  blood  cells  having  a  .strong  cata- 
lytic action,  and  the  oxygen  set  free  may  cause  emboli  and  lead  to 
•odden  death.     The  formation  of  erolM^li  is  seen  most  frequently  in 
tin:  rabbit,  but  was  in  all  prol>ability  the  cause  of  death  in  one  case  of 
^1  poisoning  iu  man,  in  which  a  solution  of  hydrogen  peroxide  had 
Usen  used  to  wash  out  the  pleural  cavity.'     Eralxili  are  not  formed  in 

'  A  conccntrKtcd  lolation  iit  said  to  corrode  the  ttkin.  learini^  a  white  eschar. 
'in  •rvenl  other  iii»tanL-c»  hemiplegia biuliecn  oliserved,  app«rentlr  frum  emboliam 
«l  tbe  omebral  arteriee. 


ISORGASW  SALTS,  ACWS  ASt)  BASES. 

o(  the  lungs  is  diminished  by  exuduliun,  tbiu  Hinull  Kiipplemeutary  (*upp)v  of 
oxyK^'H  may  l>e  of  impoilunce.  Apiin  the  air  uctiiully  in«pire<l  does  not  pass 
directly  into  the  nlveoU,  but  ditHisc?*  frum  the  wider  air  passafj^es  into  the 
narrower  t>ne«  and  thtMi  reaches  the  absorbent  surfaces.  Pure  oxygen  ditHLscfi 
more  rapidly  and  in  larger  quantity  into  the  iilveoU  than  when  it  is  mixed 
with  nilropL'U,  and  it  is  therefore  eoneeivahle  that  when  the  movement  of 
the  air  in  the  air  piis^}re»  is  inf^uflleient,  oxygen  may  give  relief  by  diShsiDg 
in  larger  ijuantity  inU^  I  be  alveoli.  InflUlfieient  movement  of  the  air  currents 
may  he  due  to  obstruction  of  the  respiratory  tract,  as  in  a«thm»  or  severe 
broiu'hiti^.  or  to  hIow  and  shallow  breathing  from  depression  of  the  centre. 
Aoeonlingly,  the  itihalation  of  oxygen  is  said  to  be  followed  by  relief  in 
some  coseA  of  asthma  and  hronchitis,  and  it  has  been  recommended  in  nar- 
cotic ]x)iiioning. 

When  the  hflpraoplobin  of  the  blood  is  so  altered  as  to  be  incapable  of 
transporting  o.xygen  to  the  tissues,  as  in  cases  of  poi^iuingwith  carbon  mon- 
oxide, nitrites,  chloniteft.  nitrohenzol,  etc.,  oxygen  inhalation  \»  indicated,  for 
it  has  been  shown  by  Kubbine  and  others  that  the  plasma  di-ywlves  enough 
oxygen  to  raaintiiin  life  when  that  aiipj)lied  by  the  blood  corpusebirt  is  insuf- 
ficient. The  inhalation  has  to  be  continued  until  the  symptoms  of  deficient 
aorutiuu  have  disappeared. 

Many  microbes  are  killed  or  at  any  rate  much  retarded  in  their  growth 
when  freely  ex[Mhaed  to  the  air,  and  attem])ti;  have  been  made  to  treat  pul- 
monary pbtbi!*is  by  oxygen  inhalation.  The  results  have  been  less  disas- 
trous than  lIuMie  of  some  of  the  other  treatment.s  by  inhalation,  but  no  dis- 
tinct benefit  him  accrued,  and  in  some  eases  hjemoptysia  ha.^  been  induced 
by  it  from  some  unexpUiined  cause.  Smith  lia.s  recently  found  that  the  in- 
halation of  oxygen  under  some  pressure  causes  irritation,  congestion  and 
consolidation  of  the  lungs  in  mice  and  birds. 

(_>xygen  is  inhaled  through  a  nin»k  connected  with  a  large  container  which 
Is  filled  from  a  tjink  of  the  compressed  gas.  Verj*  often  the  oxygen  may  b« 
diluted  with  air  and  fur  this  puri>ose  a  small  opening  may  be  made  in  the 
musk. 

Ozone,  or  active  oxygen  (O,),  is  a  nuuli  more  {mwerful  oxidizing  l>Oily  than 
ortlinary  oxygen,  but  is  more  easily  reduced  than  peroxide  nf  hydi-ogen. 
It  has  a  curious  phosphorouB  odor  and  is  somewhat  irritant  to  the  respiratory 
membranes,  but  it  is  almost  always  accompanied  l)y  nitrogen  oxides,  and 
some  of  the  projRirties  which  have  been  aseribed  to  ozone  may  be  due  to 
these  inipurilies.  It  is  rapidly  decomposed  by  living  matter,  and  it  seems 
very  improbable  that  it  can  he  absorl>ed  into  the  blorwl  ;  jet  Biuz  and 
Behuh  believe  that  ozone  induces  uart^osis  iu  dogs,  rabbits  and  kittens,  and 
8cbulz  f<uind  in  experiments  in  which  ozone  was  inhaled  repeatedly  for  long 
perii>ds  that  it  indueed  vomiting  and  dyspncca,  bronchitis,  ieilemaand  blood- 
extniviumtion  in  the  lungs  ;  eonjunctivitisalso  occurred  in  some  experiment*. 
Seliulz  as<Tibus  these  symptoms  to  the  ozone,  but  they  may  be  due  in  part  at 
any  rate  to  the  impurities,  or  perhaps  to  oxygen. 

Ozone  has  undoubtedly  antiseptic  properties,  but  these  are  only  apparent 
when  air  contains  l.'J.o  mg.  "r  more  per  litre.  Even  this  disinfects  only  the  air 
itself  and  the  *<urfaccs  of  objects,  as  the  ozfjne  loses  itai  oxi'lizing  jiruiK-rtiei*  when- 
ever it  conies  in  e^intjurt  with  orgunic  matter  and  therefore  tails  to  penetmte.  It 
has  recently  been  advocate<l  to  di.-^infect  drinking  water. 

Ozone  inhalation  has  been  recommended  in  the  hope  of  increasinfc  the 
oxidation  of  the  tissues,  and  as  uu  antiseptic  in  pulmonar)'  phthisis,  bnt  its 
irritant  properties  preclude  it«  use  here,  and  it  has  l>een  generally  discarded. 
It  wan  supposed  to  be  formed  in  turpentine  oil  on  stan<ling,  and  old  turpen- 
tine oil  was  therefore  recomraeudcd  in  cases  of  phosphorus  poisoning, 
with  the  bo|>c  that  it  would  tend  to  oxidize  the  phosphorus  and  render  it 
harmless.  Recent  investigations  show,  however,  that  no  ozone  is  formed  in 
turpentine  oil,  and  there  Is  no  reason  to  suppose  that  the  trealmcnt  is  of 
benefit. 
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Jkniown  U  a  mixture  of  oxygen  und  iK-nixido  of  bydn)^n,  and  iiiuny  nthor 

ao-called  Bolutions  of  oxonc  ountain  only  smull  prrrentAgcs  of  the  peroxide 

an<1  no  ozone  proper,  as,  though  the  latter  is  wdnhU-  in  water,  it  decompoaefi 

V<.-t-y  nipidly.  only  truces  of  it  l>einjc  found  in   the  solution  after  10-15  days. 

Jt  breaka  up  into  oxygen,  and  doe^not  form  hydrogen  peroxide. 

The  ozone  of  the  air  hjw  heen  appealed  to,  in  order  to  explain  and  adver- 

the  benefits  induced  by  many  watering  places  and  forest  resort*  luit  it 

never  been  satiKfaetoHly  proved  that  the  uir  in  these  localities  contains 

re  oxone  than  in  other  less  fiivored  places.     The  curative  agency  is  gen- 

crrc^lly  the  change  of  scene  and  interests,  and  the  dietary. 
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XXVn.     PEROXIDE  OF  HYDROGEN. 

Hydrogen  peroxide  or  dioxide  (Hj^Oj  tend.s  to  break  down  into 
ler  and  oxygen  very  rapidly  iu  the  presence  of  many  substances, 
ich  in  theinselver*  inay  be  eitluT  oxidizing  or  r(Khicitig.  Among  the 
l>c*«lic:j  which  iuduco  this  decomposition  or  catalysis  are  all  fomw  of 
^^  '^~i»g  matter,  and  the  |x*n,>xidf?  of  hydrogen  is  therefore  dccom|K)3ed 
^'^lien  bmught  in  contact  with  the  tissues,  the  oxygen  thus  liberated 
'■Tfc  a  nascent  condition  tending  to  o.x:idize  its  surroundings  ;  the  chief 
^^y«ct5  of  this  liquid  are  therefore  due  to  its  oxidizing  properties.  It  is 
gr^iienilly  met  with  iu  dilute  solution  iu  water,  and  iu  this  form  alone 
used  in  medicine.  Brought  iu  contact  with  the  skin,  peroxide  of 
ydrogen  sfdution  is  decom|>osed,  and  numerous  bubbles  of  oxygen  are 
'^rmed/  but  this  decomposition  proceeds  much  more  rapidly  when  it  is 

*  l^filied  to  denude<I  surfaces  or  to  mucous  membranes.     The  oxygen  is 

*  •  » nne<l   in  such  quantity  that  some  irritation  may  follow,  and  thus 

'^**>gs  often  vomit  when  it  is  administered  iu  (juautity  by  the  mouth. 

^V lien   it   is  injected  suboutaueously,  a   hirgc  amount  of  oxygen   is 

^*nned  in  the  Hubcutaneous  tis-sues,  but  some  of  the  peroxide  esP4ipes 

**^cotnpo«ition  and  is  absorbed  into  the  blood.     Here  the  doeom|>osi- 

^-^^Dn  proceeds  more  violently,  the  rcti  bliKKl  cells  having  a  strong  rata- 

'XtjV  action,  and  the  oxygen  set  free  may  cause  emboli  and  lead  to 

*Mddeu  death.      The  formation  of  emboli  is  seen  most  frequently  in 

^»»e  mhbit,  but  was  in  all  prolmUility  the  (sius<*  of  death  in  one  case  of 

**t»J  poisoning  in  man,  iu  xvtiieh  a  solution  of  hydrogen  peroxide  had 

*>ttn  used  to  wash  out  the  pleural  cavity.^     Emiwii  are  not  formed  in 

'Aooncmtretetl  soUilion  in  toid  to  corrode  the  skin,  learing^a  white  e«chir. 
'In  acTeral other  inntunti^A  hemiplegia  bii5  been  oWrvcd,  apjiur^ntlv  from  embolum 
^  Iht  MCvbrftJ  arteries. 
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the  dog  on  hypodermic  injection,  nor  in  either  dogs  or  rabbits  poisonec 
by  the  stomach — in  the  latter  case  probably  because  the  liquid  is  mon 
slowly  absorbed  and  is  almost  entirely  decomposed  in  the  muoou! 
membrane.  Even  in  the  blood  and  tissues  the  whole  of  the  peroxidi 
is  not  decomposed,  for  several  observers  have  found  traces  of  it  ex- 
creted in  the  urine. 

Injected  intravenously  in  either  dogs  or  rabbits  the  peroxide  is  rap 
idly  decom])osed  in  the  blood,  and  forms  emboli  which  prove  immedi- 
ately fatal  by  stopping  the  circulation  through  the  lungs,  heart  anc 
brain. 

The  actioD  of  hydrogen  peroxide,  then,  apart  from  its  local  effects  is  ex 
plaiued  by  its  obstructing  the  blood  vessels  mechanically.  Colasanti  bai 
stated  recently  that  in  addition  it  forms  methaemoglobin  in  dogs  and  thai 
leads  to  a  marked  decrease  in  the  metabolism  from  the  non-aeration  of  thi 
tissues,  but  his  statement  requires  further  confirmation. 

The  catalytic  decomposition  of  the  peroxide  is  not  necessarily  asso- 
ciated with  the  life  of  the  tissues,  for  it  occurs  also  in  excised  organt 
and  in  drawn  blood.  In  fact,  it  was  formerly  supposed  that  it  tool 
place  only  in  the  blood  outside  the  tissues,  and  that  the  circulating 
blood  had  no  effect  on  it,  but  this  has  l>een  shown  to  be  erroneous 
The  different  organs  vary  considerably  in  their  catalytic  power,  thi 
red  blood  cells  and  the  liver  cells  being  the  most  active,  and  it  hai 
been  stated  that  this  action  of  the  tissue  cells  is  closely  associated  witl 
the  presence  of  nucleoproteids  (Gottstein,  Spitzer)  j  but  Loew  hai 
shown  that  it  is  due  to  the  presence  of  a  widely  distributed  fermen: 
(catalasc)  in  most  instances. 

The  catalysis  of  hydrogen  peroxide  occurs  in  the  lower  forms  of  lif< 
as  well  as  in  the  higher.  Thus  germinating  seeds,  yeasts,  infusorii 
and  the  microbes  all  free  oxygen  from  the  solution,  and  in  fact,  i 
rough  estimate  of  the  number  of  microbes  in  water  may  be  formec 
from  the  amount  of  oxygen  given  off  by  it  on  the  addition  of  the  per 
oxide  (Gottstein).  This  decomposition  is  fatal  to  most  of  these  lowei 
forms,  presumably  from  the  nascent  oxygen,  and  peroxide  of  hydrc^ei 
is  tlierefore  a  powerful  disinfectant,  a  three  per  cent,  solution  proving 
as  strongly  bactericidal  as  a  one  per  mille  solution  of  corrosive  subli- 
mate ;  but  when  the  microbes  are  contained  in  a  medium  with  mud 
orgiinic  substance,  as  in  wounds,  the  bactericidal  action  is  very  mucl 
reduced. 

In  recent  years,  attention  has  been  drawn  to  other  bodies  analogou: 
to  hydrogen  peroxide,  some  of  which  possess  powerful  microbicida 
properties.  The  |>eroxide  is  represented  by  the  structural  formuL 
H — O — O — H  and  one  of  the  hydrogens  may  be  replaced  by  benEoy 
or  acetyl,  forming  CgH^CO — O — OH  (benzo-peracid)  or  CHJOC 
— OOH  (aceto-peracid).  Tliese  have  been  shown  to  be  much  men 
powerful  germicides  than  hydrogen  peroxide,  while  they  give  ofl 
oxygen  less  readily ;  in  fact  they  are  comparable  only  to  corrosiv* 
sublimate  in  their  destructive  effect  on  microorganisms  and  even  sur 
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pa^Qt  it  in  favon»l>le  oonditinns.  This  snggnsN  that  tl»e  disinfcrtnnt 
a<rtiou  of  lliis  group  is  not  really  due  to  jt.s  lilHraling  oxyfjen  only, 
i>tlienrise  the  activity  of  these  peraeids  would  be  h-ys  than  that  of  the 
ppiDxide  as  they  jiart  with  their  oxygen  less  readily.  It  is  |x>ssible, 
bowever,  that  the  difference  really  arises  from  the  way  in  whieh  the 
oacrgrn  \^  liherutod  ;  for  example,  the  peraeids  may  penetrate  the 
microbes  and  free  oxygen  in  tlieir  interior,  wliile  tlie  pemxido  is  re- 
(liiw<l  before  it  p:i«se?^  llnmigh  the  eell-wnll.  The  |K*racids  are  pre- 
f»ff»itMi  with  difliculiy  and  are  very  unstable  bodies,  so  that  it  is  unlikely 
iHat  they  will  prove  of  value  in  practical  medicine.  But  they  are 
fi'»f-med  when  the  aqueous  solutions  of  some  more  readily  available 
stilwtances  are  allowed  to  stand  for  some  time.  In  ther*e  l>oth  the  hy- 
iilr^tp'H  atoms  of  liydrogeu  peroxide  are  replaced  by  orpiuie  radicles 
Horminir  organic  peroxides  such  as  diacetvl  peroxide  (CH^CO — O — O 

a»CH,)and  benzoyl-acetyl-peroxide  *(C,H,CO— O— 6— CCX^IIJ. 

C>n  dissolving  these  in  water,  the  peraeids  are  formed  and  the  f>olutions 
ATievery  powerfid  disinfectants  which  have  been  su^fjeMed  for  surjjieal 
tt««  and  alni  us  iute.stinul  di-^infcctants  ;  praedcai  clinieul  experience 
»l<jiiL'«in  deride  whether  they  possc-ss  that  value  which  the  results  in 
tH^  laboratory  seem  t^j  indicate. 

I  PkEPA  RATION, 

Jiqua  Hydrogenii  Dioxidi  (U.  S.  P.),  Liquor  ffydrogmii  P^roxidi  (B.  P.), 

•oltition   of  hydrogen   dioxide  or  peroxidt?,   eouuiin.'*  abuut  3  per  cout.  by 

:  of  the  pure  dioxide.      l*4ieh  volume  of  Ihia  f^olution  In  capublu  of  aot- 

'-X*  y-11  volumes  of  oxygL'U  when  t-ompletclj' deeompused.     Some  ucid 

^   addpfi  to  the  peroxide  j^olution  in  order  to  retard  its  deeompoHttion,  but  it 

ally  rhant^.^  when  kept,  so  that  only  freshly  prepared  jmliuioiis  are  of 

rvn^h.     The  solution  is  eutorluss  and  odorless,  but  has  iin  acid  tiMte 

'oiQ  the  added  acid,  and  the  oxygen  freed  in  the  mouth  gives  a  curious  :»en* 

ioD  and  fomu  a  fVoth. 


Therapeutic  Uses. —  Hydro^n  dioxide  is  uw<I  htcally  as  a  disinA»et- 
ant  <^(>luUon  in  suppuration,  diphtlieria  and  urethnil  infection.      In  pus 
Cavities  the  oxygen  is  freed  with  great  mpidity,  anil  the  pns-oorpns<dea 
BTv  said  to  be  disintegrated.     The  catalyais  is  due  in  part  to  the««e  cor- 
tHisoleis  in   part  to  the  microbes,  and  the  extent  of  the  suppuration 
may  be  estimated  frrtm   the  amount  of  enVrvescem.^.      Pemxide  sohi- 
tioa-*  difler  from  most  i»ther  disinfcH'tants  in   the  short  duration  of  the 
»c(i«n,  which  ^Mis-ses  off  as  ?*x>n  w^  all  the  oxygen  is  liberated.     lo  ad- 
ditioQ  to  it.-4  microbicidal  action  pro|>er,  this  agent  loosens  and  destroys 
namet  of  infwt<.'<l  material   Ity  the  mechanical  effect  of  the  liberation 
of  tbe  gas,  and   the  wound  or  cjivity  is  thus  cleaned   by  it  more  ]>er- 
feclly  than  by  wu^iiug  with  ordinarv*  antiseptic  »iduUotisi.     The  solu- 
tion has  been   recommended  for  use  in  ophthalmic  practice,  and  for 
tlu«  purpose  may  be  diluted  one  half. 
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Other  Ozidizmg  Disinfectants. 

Othor  oxidizing;  bo<iic's  Lave  beeu  u^eJ  a^^  antiseptics  an<7  di«inf( 
ants.     Thus  Calcium  Peroxide  or  Gorii  has  been  recommendwi  ib 
gastric  and  intestinal  disinfectant  for  rhildren  in  doses  of  0,i-<Mi 
in  milk.     Zinc  pcmxide  and  magiicsium  peroxide  have  also  bcens 
geJ<ted,  the  former  for  pjctcrnal,  the  latter  for  internal  use. 

Similarly  the  Pereiilpkafes  of  potassium  and  sodium  (Na^SpJ, 
»odinej  f>ossesft  strong  oxidizing  properties  from  their  lil>eratingoxy; 
ID  contact  with  organic  matter.     They  are  only  ftsebly  poisonous  but 
have  not  been  extensively  used  as  yet 

Some  older  and  better  known  disinfectants  also  owe  their  powers  to 
liberated  oxygen,  and  among  these  that  most  largely  employed  is 
Permnngaiiate  of  Potamum. 

When  a  solution  of  this  salt  comes  in  contact  with  organic  mattcT 
such  as  albumin,  the  permanganate  at  oucc  parts  with  some  of  it< 
oxygen,  which  attaches  itself  to  the  albumin.  Permanganate  is  thus 
poisonous  to  proloplanm,  not  tlirough  the  presence  of  the  whole  molo- 
cule,  but  in  couseijueuce  of  the  oxidation  of  tiie  proteids.  As  soon  as 
the  j>erniauganate  is  reduce<l,  it  of  course  loses  this  action,  so  that  the 
oxidizing  effect  is  limited  to  the  skin  and  the  surface  of  the  mucous 
meriibr;uie.s.  Couceiitraletl  solutions  irritiite,  and  even  corrode  the  skin, 
and  induce  gastro-enteritis  when  swallowed.  Permaugunate  solutions 
are  di.siiifect;Mits  of  con-jidemble  power,  owing  to  tlieir  oxidi/Jng  and 
thus  deslri>ying  bacteria.  I'hcy  tail  tt»  j>enetrate  deeply  in  an  wdve 
form,  and  this  renders  them  of  less  value  than  many  other  disinfi 
ants,  except  in  very  superficial  infection. 

Preparations. 

Pofoftmi  Pentutnganas  (U.  S,  P.,  B.  P.)  (KMnO  )  formfi  slender  ciystiil« 
a  dark  purjile  culor  and  u  sweulUh,  afterwards  disagreeable  and  aslringeO^ 
taste,  .soluble  in  sixteen   parts  of  water,  reduced  by  alcohol  and  other 
guiiic.  Irodii's.     0.05-0.2  G.  (1-3  gi^s),  in  pills  made  up  with  kaolin. 

Liquor  PutfusBii  Permaiiffanaiis  (B.  P.),   a  1  per  cent,  solution  in  w 
2-4  a.  di-s. 

Therapeutic  Uses.  —The  jievmanganate  has  been  used  internal! 
araennrrlnea  and  chlorosis. 

Kxt(Tnally  it  is  used  for  its  disinfectant  and  deodorant  action,  &5  *' 
application  to  gangrenous  ulcers,  cancerous  sores,  diphtheria,  and  g*'^ 
orrhiiea.     In  dilute  solutiuu  it  may  be  used  as  a  gargle  and  m 
wash  (1  per  cent.),  to  disinfect  the  hands  (1-3  |>er  cent),  which  it  s 
brown,  and  for  {»ther  similar  ptirpo.^es. 

It  has  tx^cently  been   i-ecoumiended   in  poisoning  with  phospho*^ 
prussic  acid,  morphine  and  other  alkaloids,  on  the  theory-  that 
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poisoDS  arc  (»xulizcd  by  it  in  ilie  stomuoh,  uikI  tbiis  rundered  bann- 
Inon  For  tliis  purpose  it  is  given  in  \  per  ceu(.  solution.  It  may  be 
que^ionod  whether  muoh  permanganate  reaches  thesti^mach  unreduced, 
and  the  methiM]  is  certainly  less  reliahh>  than  thp  stomach  tnl;>c.  Only 
the  poif^in  actually  in  the  Htoruach  is  destroyt'd,  j^Tmanganate  having, 
of  cnursc,  no  ctJ'ect  upm  that  absorl>ed  into  tlie  blmid.  In  snakebite, 
permanganate  has  been  advised,  and  it  undoubtedly  has  some  action  on 
the  poison  when  it  comes  in  contact  with  it,  and  may  tlierefore  be 
Osed  to  wash  the  wound  and  also  to  inject  around  it ;  it  has  no  effect 
npoD  the  poi^u  already  absorbed. 

Condy's  Fluid  is  a  strong  solution  of  impure  permanganate,  which 
of  UHe  to  disinfect  and  deodorize  urinals  and   fieces^  but  must   be 
poured  on  them,  and  cannot  be  employed  to  disinfect  r<»oms. 

Some  of  the  caustics  owe  part  of  their  action  to  the  oxygen  liber- 
ated when  they  come  in  Cfuitael  witli  organic  matter.  Thus  Chromic 
Adii  destroys  tissue  in  part  through  its  acidity  but  this  is  reinforced 
by  it£i  oxidizing  {x>wei>s. 

XXVm.    PHOSPHORUS. 

In  tlie  early  (Mirt  of  last  eentury  phosphorus  played  a  very  important 
r^tie  in  therapeutics,  and,  in  fact,  was  regarded  almost  as  a  panacea, 
bat  at  present  itA  use  is  much  more  restricted,  and  some  doubt  is  en- 
tertoini'd  its  to  its  possessing  any  therapeutic  value  whatever.  At 
tW  Aarne  time  it  ha«i  been  the  subject  of  much  and  laUjrious  investiga- 
tion, partly  Ijecause  it  has  frequently  given  rise  to  poisoning,  and  partly 
because  the  study  of  its  efl'ects  has  thrown  much  light  on  some  physi- 
olog;icil  and  pathological  processes,  it  diiiers  from  most  poisons  in 
Witig  fiir  the  most  part  on  certain  phases  of  the  animal  raetabolismi 
and  in  having  eompanitively  little  (lircct  action  at  the  point  of  appli- 
otiou,  or,  indeed,  U|xm  any  single  organ. 

Phosphorus  is  absorbed  with  difficulty,  because  it  is  very  insoluble 

itJ  water  and  the  b<xly  fluids  and  is  only  slowly  volatilized  at  ordinary 

My  t4rni(»eraturo.     Large  nia^iscs  of  phosphorus  may  thus  pass  through 

the  alimentary  canal   without  serious  etti'<*ts,  because  they  fail  to  l>e 

duiolved  and  al>surbed.     Hut  when  it  is  taken  in  a  finely  dividnl  c<m- 

Jition  or  in  solution  in  oil,  it  gives  rise  to  symptoms  in   very  small 

<)iiaatity,  and  has  l>een  fouuil  to  induce  fatal  pois«:)ning  in  man  in  doses 

'ifO.0.5— **.l  O.  (1-2  grs.).'     lu  these  cxMulitiotis  it  is  absorbed  partly  as 

vipor,  |»artly  in  fioluiion  in   water,  which  ilissolves  only  tract-s  how- 

r,  nnil  probably  chictly  in  solution  in  the  fats  and  oils,  in  which  it 

■itttuch  more  soluble.     Phosphorus  vapor  is  also  abs»^rbed  by  the  lungs, 

*nd  the  symptoms  of  chronic  {wisooing  in  match  factories  are  l>elieved 

**!  arise  in  this  way.     It  diX'S  not  n-cm  lo  Ix'  taken  up  from  the  skin, 

•nd  has  iu  fact  little  effect  unless  when  rulibt'd  on   it,  when  it  ignites 

^^  gives    rise    to   severe    bums ;    pho!4phoruH   bums   do  not  cause 

*  Phonhorw  i»  oft«ti  u.<ie«]  in  tttiiciile,  gpncrnlly  in  the  form  i>f  ntt  iHMiwin  or  of  iiiKtch 
•••(k  Eiich  pho«phonis  mat^'h  is  MtimaiM  lu  oarry  IJ—i  iiig.  of  pnwphorus,  ao  that 
u-SO  much  heads  are  sufficient  Co  induce  fatal  poisuniDg. 
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phosphorus  pobioning,  however,  as  is  sometimes  stated.  Tbe  frd 
amorphous  phosphoriiH  is  mueh  lesss  |K>is(»noua  tlian  the  ordinary  yel- 
low form,  boc«use  it  is  less  soluble  and  also  less  volatile,  and  coiwe- 
quently  Tails  to  be  absorl)e<l. 

Phosphorus  exists  in  the  blood  as  such,  nud  the  effects  on  the  tU^uw 
are  unt^uesiionably  due  to  the  element  itself,  and  nut  to  the  oxyp'ri  or 
hydrogen  compounds,  as  has  been  supiM)se<l.  Son»e  phospliiirrttitl 
hydrojii^n  (PH,)  may  be  formed  in  the  bowel,  but  is  comjiarativok 
unimportant,  the  great  mass  of  the  phosphorus  l>eing  alisoriwd  un- 
cban«^'d.  As  soon  as  it  is  oxidize<l,  phosphorus  hises  its  h\K' 
tion,  all  of  the  acids  being  comparatively  harmless.  Phosphni 
been  detected  in  the  blood,  and,  it  is  eaid,  in  mime  of  the  excrptiniui. 

It  is  devoid  of  action  on  albumins  in  solution,  and  has  no  immt^iatc 
irritant  effects,  sneh  as  are  seen  in  j>oisoninj;  with  the  heavy  metals. 

Bjrmptoma. — When  a  pois*)nou4  dose  of  phosphorus  is  swallowed,  ao 
effects  are  elicited  as  a  general  rule  for  several  hours.  The  tirst  .symp- 
toms are  pain  and  discomfort  in  the  region  of  the  stomach,  nau^^mid 
eructation  of  the  vapor  with  its  characteristic  garlic  mlor,  and  ihen 
vomiting,  the  contents  of  the  stomach  having  the  same  odor,  and  being 
phoHplioreflcent  in  the  dark.  Ijater,  bile  may  be  vomited,  and  ftome 
diarrliLca  may  set  in,  although  this  is  not  a  common  symptom.  The 
nausea  and  vomiting  often  continue  without  further  sympiomfi  for 
several  days,  but  frequently  disappear,  an<l  the  patient  apparently 
recovers,  particularly  if  the  dose  has  Ix'cn  snutll,  or  if  most  of  It  \m 
bt^'U  removed  by  vouiitiug  or  by  washing  out  the  stomach.  lu  tbr 
course  of  a  few  days,  however,  the  sym|)loms  recur,  and  arc  generally 
accompanied  by  some  jaundice  ;  (he  pain  extends  fn>m  the  stomacb  t© 
the  liver,  and  soon  to  the  whole  of  the  abdomen.  The  vomited  matter 
no  longer  contains  phosphtirus,  but  may  be  bloody.  The  fKtrient  com- 
plains of  general  weakness  and  fiiinlnesa  ;  the  pulse  is  weak,  the  liverex- 
tends  far  below  the  ribs,  and  tlie  urine  shows  charaetcristio  changes  (s«t* 
page  002);  hiemorrhages  occur  from  the  nose,  Iwiwel,  utertis^and  iinJff 
the  skin,  and  evi-nlually  a  condition  of  collapse  and  fatal  c*»nu  folio*' 
Convulsions  and  delirium  have  been  tdiservod  iu  a  eonsidenii»le  pn)" 
portion  of  eases  towards  the  termination  of  the  intoxication.  l*f*lli 
may  of^eur,  hmvever,  iu  the  first  stage  or  early  in  the  second,  befote 
complete  exharistion  is  reached,  ami  in  these  cases  would  seem  to  W 
Ix^st  t'xplaiui'd  by  tli(^  dirwt  action  of  the  jMnson  on  the  heart  If  only 
a  small  quantity  be  swallowed  or  if  active  therajK^utic  measures  1* 
taken  early,  the  patient  may  recover  without  any  secondary  sympiuto-S 
aiid  even  when  these  have  ftdlowed,  the  progiutsis  is  not  hopelft>5»  **''^ 
the  symptoms  slowly  disappear  in  a  wrtiiin  pmportion  of  cases, 

ExjKisure  to  the  fumes  of  ph(»sphoniH  has  lung  lx«n  known  to  p"^ 
rise  to  [KTiostltis  and  necrosis  of  (he  tower   jaw.     The  disease  IvgiD* 
from  a  carious  toiith  or  from  some  lesion  of  the  gum,  and  may  involve 
most  of  tde  jaw,  wlii<:li  becomes  swollen  and  painful  an<l  eventiiaHj? 
evacuates  large  qtiautities  of  pus  with  pieces  of  dead  bone.     This  o^* 
crosis  was  formerly  frequent  in  match  factories,  but  has  become  i»r^^ 
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phons  phosphorus  bos  been  substilukxl  ihv  llie  yellow  form/ 
uter  attention  luiB  been  jwiil  to  tl»e  ventilation  of  tlie  fao- 
o  the  «)mIition  of  the  teetlj  of  tlu;  fuiployees.  Magitot  has 
dvaiH-ed  the  opinion  that  exposure  to  phospiiorits  fumes 
to  a  mild  clironic  form  of  poisoning,  quite  aside  from  the 
hich  is  cfimparalively  rare.  The  symptoms  are  cachexia, 
dice,  ansemiu,  and  abuminiiria,  and  in  more  advanced  c-nses 
critU  and  diarrhu'a,  bnmchitia,  and  a  curious  fragility  of  the 

Fatty  De^neration. — A  very  striking  feature  in  |>hosphoru3 
and  one  tliut  was  early  recognized  in  its  history,  Ls  the  ap- 
if  numerous  fat  globules  in  the  cells  of  many  organp,  notably 
of  the  liver,  kidney,  pistric  and  intestinal  glands,  and  in  the 
Jbres  of  the  heart,  stomach,  intestine,  smaller  arteries  and  often 
wtal  muscles.  The  question  has  been  raised  whether  this  fat 
Fby  the  degeneration  of  the  protoplasm  of  the  cells  in  which 
[d,  or  whether  it  is  not  transported  from  other  parts  of  the 
1  only  d<'p4»Kited  in  these  cells,  the  school  of  Voit  maintaining 
gr  view,  while  Ptliiger  and  his  pupils  uphold  the  latter.     The 

■  ftt  present  seems  to  lie  with  Pfliigcr,  Avho  has  shown  that 
Bit  of  the  body  is  n<it  increased  by  phnsplutrus,  although  this 
■let  by  Liudcmaun's  explanation  tluU  a  certain  amount  of  fat 
tyed  during  the  intoxicfifiou,  and  that  if  more  fat  were  not 
rum  the  proteids  through  the  action  of  the  poison,  there  would 

■  a  marke<l  deficiency  at  death.  A  strong  argument  for 
■view  is  adduced   by   Koseuberg,  who  found   that  when  aa 

■  been  fed  on  foreign  tats  {e,  g.^  a  dog  upon  mutton  suet)  and 
oisoninl  with  phosphorus,  the  fat  found   in   the  liver  cells  is 

teristic  of  the  food  aiul  not  tImL  of  the  jx>isoued  uuimal  as 

pectcd  if  it  were  derived  from  the  proteids.     The  question 

be  said  to  be  determined,  althnngh  the  burden  of  prtx»f 

ms  to  rest  oil  the  deremlrrs  of  tlic  earlier  view  that  the  fat 

the  degenerated  proteids  of  the  cells  in  whi(4i   it  is  found. 

egeneration  or  infiltration  sets  in  only  aft i^r  some  time,  and, 

mpanies  the  secondary  symptoms  for  the  most  part,  although 

f  the  stomach  and  upper  part  of  the  intestine  sufl'cr  sixmer, 

beginning  of  this  pmct-ss  is  probably  the  cause  of  the  early 

tophorus  poisoning,  as  in  other  instances  of  fatty  dngencratitm, 
M  commcaces  in  cloitdy  swelling  of  the  cells  followed  by  the 
ne  of  granules,  which  soon  develo|>  into  fat  globules.  Even- 
e  degenerated  cells  hri'^ak  tip  into  detritus. 
ler  feature  in  pho>|»horus'|Ttiisoning,  which  i3,  however,  better 
sr  repeated  small  iloses  than  after  a  single  large  one,  is  the 
tion  of  the  Interstitial  Comiective  Tissue  of  the  stomach,  liver 

^phr^ro^w   Mwxiuisnlphiiic  (P^K,),  ncinllv  inln»ilu«'<i    in   inalrh    facloriea, 
even  sifir  tium  rvA  pti(tt*plic.nm,  *'orihoitK'l»  minutf  quantities  «tf  the  ele- 
deaaed  from  U  in  llie  lisitne^  thew  ure  t(K>  vxixxxW  lu  induce  any  Kymptomi. 
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and  kidaeV)  wliicli  finally  induces  typical  cirrhosis  of  these  organn.  It 
was  formerly  sup[K>sed  that  this  indicated  a  sjwcitic  irritant  acliou  of 
the  plioaphoru;*  vapor  on  the  connective  tii-sue,  but  many  pjitholojrirts 
now  regard  this  proliferation  as  a  secondary  result  of  the  nwnwuof 
the  parenchyma  cells.  In  animals  poisoned  by  the  prolonged  adminis* 
tration  of  ?<mall  quantities  of  pliospliorus,  the  ordinary  etFeets  of  hepatic 
and  renal  cirrhosis  have  been  induced,  such  as  dropsy,  anemia  sad 
cachexia. 

Besides  the  cells  which  have  undergone  fatty  degeneration,  the  liver 
often  contains  numerous  microscttpic  areas  of  necrotic  tistiue  and  in 
other  parts  actively  dividing  parenchymatous  cells. 

When  very  minute  quantities  of  phosphorus  are  administeicd  lo 
animals^  no  poisoning  results,  but  according  to  Wcgner  a  sprcific 
action  on  the  Bones  is  induced,  especially  in  young  animals,  in  whk'b 
the  hones  are  still  growing.  Thus,  in  young  rabbit^?,  quantities  of 
l(f-\  rag.  given  for  several  weeks  are  found  to  be  followed  by  clor- 
acteristic  changes  in  the  growth  of  the  long  bones,  apparently  in- 
duced by  the  phosphorus  acting  as  au  irritant  or  stimulant  i"  tli^ 
hone-forming  cells  (i>stef>l>lasts).  Wherever  caincellous  b<tne  i.«  liciiiti 
formed  fn>m  cartilagi^  phoM|)horus  is  stated  by  WegmT  lo  caus*-  the 
deposit  of  a  layer  which  resembles  the  dense  Iwne  of  the  shift  in 
the  normal  animal  in  general  appearance  and  also  hi.^ologically. 
This  layer  of  dense  V>fme  at  the  gniwing  {X>int  is  at  first  the  rmly 
change  induced,  but  if  the  treatment  lasts  longer,  the  soft  cjiucpllom 
bone  which  was  depositetl  before  the  phospliorus  treatment  bo^n, 
is  gradually  absorbed.  The  medullary  cavity  of  the  bone  is  thus 
enlarge<l,  and  may,  in  fact,  extend  into  the  epiphyses,  which  in  the 
normal  bone  are  filled  with  cancellous  tissue,  but  which  now  form  part 
of  the  nmch  lengthened  cavity.  Eventually  the  whole  of  the  cancel- 
lous bone  may  be  absorbed,  and  a  similar  process  of  absc»qitiou  hegi» 
in  the  bone  formed  at  first  under  phosphorus,  while  the  dense  ilcp^it 
is  pushe*!  further  into  the  remaining  cartilage.  The  development  uf 
bone  from  cartilage  is  not  the  only  process  affected,  however,  for 
Wegner  states  tliat  in  the  bone  depositecl  from  the  periosteum  a  some- 
what similar  change  is  induc<M],  as  is  shown  by  its  becoming  denser 
and  by  the  Haversian  canals  being  much  contracted  in  size.  In  full' 
grown  aniniiilrt  the  changes  in  the  bone  ar»»  much  less  distinct,  but  (h* 
laraclhc  ot't he  s|>ougy  tissue  are  said  to  be  thickened  by  phuephnnis 
treatment,  and  in  the  fowl  Wegner  states  that  the  medullarv  cavity  ni«5 
be  completely  ttbiiterated  by  the  disposition  of  hard  bone.  WVpn^f 
supposes  that  this  effect  on  Ixme  is  due  tfVa  specific  action  on  the  \»iX' 
formhig  4*ells,  analogous  to  that  which  he  observed  in  the  couneflivc 
tissue  of  the  liver.  As  has  been  mentioned  already,  however,  tLe  cir- 
rhosis of  tlve  liver  in  chronic  phos]jiu»rus  poisoning  is  believetl  by  man?" 
not  to  be  due  to  primary  irritation  of  the  interstitial  tissue,  hm  l» '* 
secondary  to  the  destruction  ctf  tlic  partjuchymatous  cells,  so  that  thi* 
analogy  is  rendered  doubtful. 

Wt^uer  found  further  that  when  tlje  calcium  salts  were  witlidm*" 
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(mm  the  fooil  of  nniriialM  truit^n]  with  plioFphoniH,  the  esa^geratKl  ac- 
tin'lv  of  the  iMUie-fnnniiig  cells  contitiiU'^I,  but  tm  linic  was  »ie|MJsitcd, 
w  liiai  iht'  Imiiio  juv!^Mjtoil  the  a]>|>e:iraiiee  of  rickets.  The  p«ime  re- 
will  Ims,  however,  lic<-n  (iht'iineil  l)v  oliier  inve:»tijtntloi>  hy  tlie  with- 
dravraj  of  calcium  without  ]ihosi)horu.s.     Kassowitz  took  up  the  invcs- 
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^«ciHin  u(  ifaa  beail  nf  the  femar  In  calf.    A,  norniBl,  B,  tfl^r  troklmmi  wiib  mtnuto  doM*  of 
ih^VAonia     r,  the  cap  of  doiue  bone  at  the  grovlDr;  iKtlut.     ^  Aflur  WkuNBM.  ) 

tigation  some  twelve  yiairs  later,  and  observed  tlie  layer  of  white  densa 
bi»oe  det^ribed  by  Wegner  at  the  edjje  of  the  ossifying  cartihige,  but 
fCganU  it  not  as  the  n*.sult  of  excessive  activity  of  tiie  (HttHjblasts,  but 
»  due  to  a  slower  absorption  of  the  caUriHed  *3irtiluge  f'roiu  a  le-is  rapid 
wttension  of  the  blood  vessels  than  is  uonnal.      With  large  doses  he 
ptMluced  appearances  closely   resembliug   those  of   rickets.     Several 
**tJier  investigatttrs  have  observed   clianges   in   the   bones  after  phos- 
phorus, »o  that  there  is  good  rea.s4>n  to  believe  that   it  jxjssesses  some 
specific  action  on  them,  although  S4^)me  writers  faile<I  to  obtain  di-Huito 
'^>4ullA  and  of  ihnse  who  observe<l  a  modification  in  the  growth  no  two 
*grt-e  in  the  description  of  the  changes  or  in  their  interpretation.     This 
^pifoific  :iction  «m   the  b«>ne-forming  tissues  and   particularly  on   the 
lH*rirt*t<'um   has  bi-en  used  by  Wcgucr  to  explain  tlie  necrosis  of  the 
jaw  in  match  factories,     Hesup|M>sr.s  that  the  pl»osphorus  vajwr  reach- 
ing the  |M;riohteum  of  the  jaw  through  u  carious  tooth  or  some  lesion 
«f  the  gums,  excites  a  mild   periostitis,  which  in  turn  leads  to  the  for- 
>nation  of  new  layers  of  Ixuie  aroinid  the  jaw.     Xi'crosis  of  the  Ixjnes 
ha*  Qtii  Ui'u  siitist'actorily  tlemon^tratcd   in  animals  ex|>o»ed  to  phos- 
phonis  va|>or,  although   niniienjua  experiments  have   be<'n   performed 
with  the  object  of  studying  itj^  development.     The  view  of  the  latest 
invntigntors  is  tliat  raicDbial   infection  is  necessary  to  permit  of  the 
cUunges  observe*!  cliuically,  but  that  phosphorus  induces  some  change 
in  the  Irancsi  wiiich  predisposes  them  to  infection  by  the  tul>ercle  b^- 
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cillus  and  other  or^tunsms  which  inclucc  neomsis.  The  cxvurreui'e  of 
Decroain  of  the  jaw  is  iu  foot  a  strong  argument  for  the  oorrcctnws  of 
the  view  that  a  specific  action  on  bone  exists,  for  under  no  oilier  jwii^Dn, 
even  when  mueh  more  irritant  va(M)r  is  inhaled^  does  a  simil.ir  prwwa 
occur  in  man.  The  exact  nature  of  this  action  on  bone,  and  itfi  rela- 
tion to  rickets  and  to  osteomalacia  must,  however,  be  left  tor  furttur 
research  to  determine. 

Phosphorus  wcakcna  and  slows  the  Heart  when  it  U  applied  to  it 
directly  in  the  fnig,  or  by  intravenous  injootion  in  mainmtils.  In 
many  cases  of  ncuto  poi»ouiug  in  man,  however,  the  heart  doe;  not 
eeem  to  be  seriously  affected  until  very  late,  and  tliis  is  particulariytlw 
case  when  w^raparatively  small  quantities  have  been  absijrbed.  la 
those  cases  in  which  large  amounts  are  s\s'allowed  iu  sfdution  or  in  fioe 
division,  and  in  which  death  occurs  before  any  secondary  svmp- 
tomrt  have  been  developed,  the  fatal  issue  is  geneniily  ascribed  to  the 
cardiac  action.  This  direct  action  on  the  heart  must  l>e  distinpuislietl 
from  the  fatty  degencmtion  of  the  cardiac  muscle,  which  is  seen  in  tiie 
later  stages  of  puisoniiig,  for  no  degeneration  of  the  heart,  an(l»  in  iart, 
no  pathological  changes  whatever,  may  be  found  in  those  rapidly  (iiud 
cases.  Phosphorus  acts  on  the  heart,  muscle  directly,  and  does  wK 
seem  to  affect  the  regulating  nerves  in  any  way.  According  U)  P*l, 
the  blood- pressure  is  lowered  in  some  cases  not  by  cartliac  action,  Itut 
by  the  dilation  of  the  vess^'ls. 

The  Blood  is  but  little  changed  outside  the  body  by  phospbonis, 
for  though  Araki  states  that  the  hieraoglobin  parts  with  oxygen  1001* 
slowly  than  usual,  the  difference  is  trifling.  In  many  cases  of  fii<al 
poisoning,  thr  blood  i^  found  not  tu  oh>t  so  reudily  u.-^  usual,  and  some- 
times to  rcuuuu  fluid  for  forty-eight  hours  or  more.  ArcM>rdiDg  to 
Corin  and  Ansiaux  and  Jacoby  this  occurs  only  in  eases  in  which  tbe 
patients  live  for  sevt.*ml  days,  and  is  not  a  direct  effect  of  tlie  poison, 
but  is  due  to  the  cliutigps  in  the  intestine  and  liver,  which  lesson  or 
entirely  destroy  the  fibrinogen.  Jacoby  states  that  the  blood  not  only 
fails  to  clot  but  is  capable  of  redissolving  fibrin  and  attributes  this  to 
the  presenile  of  the  autolytic  ferment  of  the  liver. 

The  absence  of  clottiug  in  the  blood  may  be  a  factor  in  the  heraor- 
rhagL'S  wliich  are  met  with  among  the  symptoms  of  the  second  stag^i 
but  the  imntediate  cause  of  these  is  the  fatty  degeneration  of  the  rau^ 
cular  coat  of  the  smaller  arteries  throughout  the  body.  These  change* 
in  the  blcMKi  vessels  may  |M'rliaps  explain  the  ledenia  of  the  rctia** 
wliicli  is  seen  iu  animals  jx)isoned  with  phosphorus,  though  these  ha v« 
also  been  attributed  to  some  change  in  the  blood.  Occasionally  go-^' 
grene  (>f  the  extremities  has  been  o!>acrved  iu  phosphorus  |}oisoDiEl^) 
probably  owing  to  the  changes  in  the  vessel  walls. 

Small  dosps  of  ph(^sphorus  g<*nerally  inrre:ise  the  nund)er  of  the  re*^* 
blood  cells  iu  man,  and  even  iu  poisouinga  sudden  or  gradual  incnaft^ 
in  these  may  occur,  nh^ng  with  a  diminution  of  the  leucocytes.  T 
lueraoglobin  is  uf>t  wjrrey|K>ndingly  augmented,  however.  In  tlk;  1*>*' 
animals  the  effect  on  the  blood  colls  varies  a  great  deal ;  iu  the  dog 
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mtuuol  number  of  red  IjIoikJ  ceUb  a{)[>ears  tu  be  destroyed;  in  the  rab- 
Ht  no  distinot  iUteralion  in  the  number  of  the  red  cells  but  .wrae  leueo- 
tytiwis  luH  iM'en  oWrveil,  wliile  in  fowls  an  inrreji>M!  in  the  h'iieoeyt«s 
irairapuDJes  a  marked  destruction  of  tlie  red  eolli^;  in  the  frog  the 
Darabfr  of  red  tvlU  is  not  re<luced. 

The  Bone-marrow  in  chn)uio  [.toisoning  is  at  first  hy]H'rffimic,  tl»e  fat 

^\i  are  atntphietl  and  the  lcueobla.sts  arc  gi*eally  inercased;  later  a 

nous  ilt^^nerijtion  sets   in  with  a  deereaf>e  in  tlie  number  of  the 

w-cell=i  and  a  o<»rrcsp<»ndiuij  increaae  iu  the  connective  tissue. 

The  i>eripheral  Nerves  and  Muscles  do  not  seem  to  be  aflected  in 

oepborus  |X)isoning,  except  in  so  far  as  the  latter  underg:i>  fatty  de- 

tK*ration.     An  excised  muscle  lives  almost  as  long  iu  &alt  solution 

nL'iininf^  phosphonis  as  in  the  iinpoi-soncd  solution. 

Till"  Central  Nervous  System  is  also  little  changed  by  phosphorus. 

cutua  and  convulsions  which  appear  before  death   may  be  due 

ber  to  the  disordered  metabolism  than  to  any  direct  influence,  as  is 

wn  by  the  fact  that  oousciousness  is  preserved  throughout  the  first 

,  and  as  a  general  rule  until  late  in  the  second. 
The  fatty  degeneration  of  the  epithelial  cells  of  the  Stomach  and 
testlne  explains  the  abdominal  {min,  the  vomiting  and  the  occasional 
iarrlirea  seen  among  the  se(x>ndary  symptoms.  The  earlier  phases  of 
is  action  may  be  the  cause  of  tlio  vomiting  and  nausea  of  the  first 
ge.  This  degeneration  occurs  also  when  phosphorus  is  iujeeted 
|iiKlerniicaIly,  and  is  tliert'fore  of  the  same  nature  as  tliat  in  the 
er  organs.  The  cells  of  the  stomach  first  attacked  are  those  of  the 
and  the  condition  has  ht^m  termed  gastradenitis. 
fatly  changes  iu  the  Liver  cause  a  considerable  increase  in  tli9 
of  hepatic  diilness,  and  at  the  same  time  induce  s^jme  pain  au6 
derness  over  the  organ. 

The  icterus  of  phospliorus  poisoning  has  been  examined  by  Studcl- 
no  in  dogs.  He  found  that  the  changes  in  the  bile  secretion  may  be 
ivided  into  three  phases,  in  the  first  of  which  a  larger  amouut  (tf  bile 
igoent  is  excreted  than  usual,  this  denoting  au  unwonted  activity  of 
le  liver  cells.  In  the  second  phase  the  bile  becotues  clouded,  is  less 
teply  colorefl  and  more  viscous,  and  icterus  makes  its  ap|M?aranee 
I  the  skin  and  conjunctiva.  The  secretion  in  this  stage  seems  to  bo. 
srived  largely  from  the  mucous  cells  of  the  smaller  bile  <lucts,  and 
lotains  comparatively  little  of  the  excretiou  (tf  the  liver  cell  proper. 
I  the  third  phase,  which  is  that  of  recovery,  the  bile  loses  its  turbidity 
id  viscosity,  and  is  very  dark  in  color,  because  the  pigment  which 
Is  deposited  iu  the  tissues  during  the  second  stage  is  reubsi>r!)cil  and 
Ffeted  iu  the  bile;  the  jaundice  color  i*{  course  disappears  from  the 
PH  as  the  bile  pigment  is  reabsorbed.  The  bile  salts  are  also  very 
toh  reduced  in  phosplmrus  poisoning.  Stadelmann  attributes  these 
Uiges  to  the  bile  capillaries  being  rendered  less  pervious,  by  the  en- 
Jed  liver  cells  or  the  proliferating  connootive  tissue  pressing  on  them 
i  narrowing  their  lumen.  This  prevents  the  bile  which  is  formed 
'  the  liver  cell   from  reaching  the  gall  bladder,  and  the  pigment  ia 
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tlierefore  absurbeil  ami  gives  rise  tn  jaundice.  The  |wile  vr^^^^u*  floid 
which  esoape?  from  tho  diicta  iu  the  Bccoml  stage  is  probably  wit  tnw 
liver  secretion,  but  mucus  from  the  ducts.  During  recovent-,  \\w  Iiepolic 
cells  lessen  in  size^  the  pressure  on  the  bile  ciipillaries  is  relit*v«l  ami 
the  secretion  esraipiH,  while  the  pig:ment  which  wasdi^tributitl  throng 
the  tissues  la  reabsorbed  and  excreted  by  the  ordinary  chaooeL  Tiie 
jaundioe  may  also  be  accounted  for  in  part  by  the  destructioD  of  tlie 
red  celU  of  the  bl(X)d  and  oon.soquont  increase  of  pig-mcnt  f  »rmation  in 
the  liver.  This  view  is  supported  by  the  fart  that  in  tlif  rabbit,  in  which 
the  red  colls  are  not  decomposed  by  phosphorus,  do  icterus  is  observnl, 
while  in  the  dog,  in  which  some  of  the  cells  are  destroyed,  it  is  very 
marked.  In  man,  however,  there  Is  no  eviden<je  tlmt  the  nA  oi»llsaredi- 
mialshed  in  number,  yet  jaundice  is  one  of  the  commonest  symptoms 
The  bile  very  often  contains  albumin  in  c<^nsiderable  amount,  and  in 
the  later  st;ijres  retl  bli»od  cells  may  (x*.cnr  iu  it. 

In  addition  to  the  fatty  infiltration  of  the  cells  and  the  cliangi-i  in 
the  bile,  the  liver  h:i3  been  shown  t^»  undergo  a  siH^cific  alteratinn  in  its 
activity,  which  is  mmifcj^ted  by  the  presence  of  large  ipwuiiiit^  nf 
ammonia,  protJigvHi,  jccorin,  Icuciu  ;ind  tyrosiu,  while  less  liviihin  thin 
usual  is  present.  When  the  liver  of  an  unpoiHoncd  animal  i§  kqil 
fnim  ptUrefatrtion  for  some  time,  tlie  tissue  is  broken  down  by  the  ai> 
tion  of  an  autolytic  ferment,  and  the  same  constituents  are  foraici)  in 
large  tpiantity  ;  the  liver  in  phosphorus  jxiisoning  iindtTj»i_>cs  the  «irM 
chantres  when  pres<!rved  from  putrefaction,  but  the  autolysis  pnt^re-rt* 
much  more  ra)iidly.  Jaooby  therefore  infers  that  phfwphorus  auR- 
menfs  the  activity  of  the  autolytic  ferment  of  the  liver  iind  thus  Iccuis 
to  the  presi'nrc  in  th(?  livinti;  organ  of  sonic  products  which  an*  alifcnt 
in  the  tiormal  one.  \\v  rej^anls  the  dis.'ip|>ejiriince  of  the  fibrinogT'ii  of 
the  blood  as  a  further  clfcct  of  this  liver  autolysis,  for  he  found  that 
the  injection  of  the  autol^^io  ferment  into  normal  animals  preventid 
coagulation. 

The  fatty  degeneration  of  the  Renal  Epithelium  may  account  id  pari 
for  the  albumiruiria,  which  is  not  generally  [>eveiv,  and  is  not  iufrf 
qnently  absent  in  ca.«es  of  jwMstuiing,  Fatty  cjists  and  even  globnlca 
of  fat  arc  often  found  in  the  urine  in  cases  which  run  a  chronic  coutsfii 
Blood  and  ha-mioglobiii  may  also  appcair  in  it  from  ha»morrhugf8  inW 
the  kidney.  The  {►iher  chaujLies  in  the  urine  are  not  referable  to  tbfi 
renal  disense,  but  to  the  mo<litimtion  of  tlie  general  metulK>lii;ni  of  ll» 
tissues,  the  kidneys  merely  excreting  the  abnormal  products  of  deood- 
position  whicii  a|i|K'ar  in  the  bhxid. 

These  abnormalities  in  the  Urine  have  been  examined  very  "ften, 
but  some  discrepancies  arc  still  to  be  found  in  the  acirounts  of  difffrrD* 
authors.  The  urine  itself  is  ol\en  somewhat  increased  in  qiiHiiliiy*" 
the  early  stages  of  the  intoxiciition,  but  afterwards  becomes  deficieott 
and  towards  death  comjdete  anuria  may  l>e  obser\'ed.  The  incfWtf^ 
urine  is  pnibiiljlv  due  to  the  increase  of  the  urinarv  substances  iu  in^ 
blootl,  whilu  the  diminution,  which  may  occur  early,  may  beespl^'"^ 
by  the  snndl  quantity  of  water  absorbed  from  the  stomach  and  in**** 
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degeneration  of  the  secretory  t'ell;^,  or  hy  tlie  failure  o{  tlie 


)gen 


.f  tl 


le  unne  varies 
I  in  the  first  few  davs  afttT 


considerably  in  different  cases, 
tlie  ingestion  of  the  poison,  it  is 
diminiHlKHl  in  amount,  l>ut  this  is  not  dno  to  any  £.})ecifio 
lie  poison,  but  to  the  proh)nj^efl  nausea  and  vomiting  which 
e  absorption  of  food  ;  ti»e  nitrogenous  escretiou  thus  cor- 
D  that  duringr  the  first  few  days  of  starvation.  After  this, 
I  very  c<:tnsideral)!t'  increase  in  the  nitrogen  is  olMiervi-il,  even 
the  patient  r(»ntiuues  to  fast.  In  the  course  of  i^tarvution  a 
fe  nitrogen  excretion  also  ocelli's  after  some  time,  but  this  is 
rreat  as  timt  seen  in  phoj^pliorus  poisoning,  so  that  the  |)t>ison 
illy  been  creditc^l  wllli  a  s|H*cific  action  increasing;  the  waste 
k>genous  tissues.  The  excretion  of  urea  does  not  increase  in 
I  with  the  total  nitrog<»n,  in  fact  less  niva  is  often  excreted 
^  first  days  of  the  intoxication.  But  the  nitro]u[x^n  exei'ctod  in 
If  ammonia  is  much  increased  in  man  and  the  dop,  while  it 
fed  in  the  nibbit.  This  excretion  <»f  ainmnnia  suggests  the 
of  excess  of  acid  in  the  tissues,'  and  as  a  matter  of  fact  sar- 
id  is  found  in  very  considerable  quantity  in  the  urine  in  man, 
d  the  rabbit  in  phosphorus  (>oisoning.  The  increased  am- 
e  urine  is  therefore  to  be  referred,  at  any  rate  in  part,  to  the 
f  this  acid  in  the  tissues,  and  if  fixed  alkalies  are  adminis- 
raonia  of  the  urine  falls  at  once  in  aiuouul  because  the 
lizes  the  saiTi.lactic  acid, 
c  acid  excreted  is  often  somewhat  increased  in  amount,  but 
lole  is  little  aUered  by  phosphorus  in  man.  This  perhaps 
that  the  nuclei  of  the  colls  are  less  snUjcct  to  the  action  of 
1  than  the  cytoplasm,  and  this  is  supported  by  histological 
on,  for  the  fat  globules  are  found  in  ihe  cell  lM»dy,  and  not 
ileus. 

icrease  in  the  other  intr*)genons  constituent"  of  the  nrine  also 

iphn^phnnis   poiMjuintrj   and  a    numlxT  of  amido-acids  have 

fird  in  it.      riie  best  known  of  these  are  tyrf>sin  and  leucin 

ioh  are  not  always  [)resent  in  the  urine,  however,  although 

n  found  in  the  bl(vxl  in  «?ume  <ptantity.     Baumann  found 

in  the  stilistmices  of  the  antmntie  series  in  the  urine.    Albn- 

be  present  in  small  amount,  atid   peptone  is  sometimes  ex- 


of  the  urine  are  nuich  reduced  in  amount,  owing  to 
t  taking  little  or  no  food.  The  phtfsphates  of  the  urine  are 
•  consideraiily  aiigmente4l,  but  not  Iwcjinse  of  the  excretion 
orus  as  phosphates,  for  the  quantity  al)sorlx'd  is  tt>o  small  to 
■  appreciable  change.  The  increase  in  the  phosphates  is 
be  as(;ribed  to  an  augmented  waste  of  the  tissues,  and  the 
are  also  excreted  in  larger  quantity  for  the  same  reason. 
icterus  is  ]>rpseut,  the  urine  may  \w  dark  in  color  from   the 

'  See  Ammunitt,  Acida,  pp.  551,  555. 
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bilo  pignicDt  excreted,  and  bile  acid:s  are  aUo  ofteu  contained  in  h. 
Sart'olartk-  acid  lippt-aiv  in  oonsiderHlilc  quuutit)*,  and  is  sonieltttus 
acc'oiii|iiuii(Hl  liy  s^jiue  Migiir. 

Metabolism. — The  carbonic  acid  excretion  and  oxygen  abstiriitiooliy  i 
the  htngs  aiv  geuerally  i'ound  to  undergo  com|MinUively  slight  changw 
in   |>hi)sphonis  poisoning,  while  all  the  evidence  point>t  to  grave  (It- 
raniivnionl  in  tlie  protcid  metalHilisni.      Meyer  fonnd  tlio  alkidiniiy  of 
the  hloxl  redneetl  thmugii  ilic  |>rt'X'nee  nf  lactic  acid  in  eXffjtf  in  ll»c 
tissues,  and  this  has  the  further  cHect  uf  increanng  the  ammonin  nf  the 
urine  ;  lactic  acid  i^  also  found  in  the  ptomacli  aUmg  with  hydrfH'liIdric 
acid.      It  is  believetl   to  arise  fntui   the  glycogen  *>f  the  liver,  which 
is   uuicli    rednetsl   in   aniounl.     This   lactic  acid   tornialion   hai^  Ik^^ 
attrilnUed  to  delicient  oxidation  in   the  tissui'S,  wliich   hn?  htiijr  Wi 
held  to  l>e  one  of  the  fundamental   features  of  phosphorus  |iuiHiinng. 
In  addition,   the  nitrogenous   constituents  of  the  l>Hly   are  obvimi?»ly 
destroyed   more   rupidly   than   usual,  fc^r  unusually   large  ann>iiii^  of 
nitrogen  appear  in  the  urine;  sitmeof  this  inereitfc  may,  it  is  tme.arws* 
fnmi  tile  acid  fonnation,  and  thus  indirectly  from  tlie  deficient  uxiduiioo. 

More  recently  the  grt'at  similarity  between  the  results  of  minnal 
autolysis  and  of  ]>hosp]iiirns  poisoning  has  led  several  invci^tigatnrs  lo 
helifvc  ihat  the  esj-cntiiil  efiirt  of  phosphorus  is  an  acccler.il ion  nt'th* 
autolytic  process,  and  this  is  pn|)ported  by  the  results  (»blftiw*l  l>> 
Jacohy  in  experiments  in  which  the  autolysis  of  the  normal  liverva*^ 
compared  with  that  of  the  liver  obtained  from  an  animal  pois'iue<3 
wMtli  pliosplioriis. 

Autolysis  ur  destrnctive  metabolism  occurs  in   normal  living itll*' 
but  in  phosphorus  poisuning  it  is  i;upjx>sed  to  proceed  more  rajtidl*") 
and  many  of  its   priMliicts  are  not  8o  completely  deoom|Mi!'Hi  as  iiof-    | 
nialK\  Si)  that  inlt*rninli:ite  product;*,  such  as  leucin,  tyrosin  mid  oih«^' 
amidn-acids,  apjuiir  in   large  quantities  in   the  organs  and  often  iu  tt»* 
exert'tions  ;  hirii*-  acid   is  siniikirly  a  product  tif  autolysis^,  which  tii»  ** 
to  be  oxidizetl  Xi^  carbonic  acid  as  in  the  normal  body.     This  ac«^  ■* 
erate<l   autolysis  oi-cmv  not  only  in  the  liver  but  also  in  other  orgii*  ^ 
although  in  a  less  marke<l  degree. 

It  was  formerly  believwl  tiiat   the   fatty  degonenition  was  dei^K'ntie^^-' 
on   lessened   oxidation;'   that   the  fat   fornu^l   by  the  det■omp(^^itiol)  <  ^^ 
the   protcids  could   not    be  oxidizetl   as  it  is  normally,  and  theitf*'^^ 
reniaine<l  in  the  cell.      F5nt  this  is  not  consistent  with  die  view  prrvui 
ing  at   jiresent,   that   the  ac<'uiiiLdati(m   of  fat   in    the  liver  and  olb^^^ 
organs  is  duo  t^i  its  niignition  from  other  parts  of  the  body,  so  thiit  tt'    ^^ 
relation  between   the  two  phenomena  is  not  so  simjde  as  has   been  Hi^f  ^ 
posed.      It  fieems   probable  that  the  fatty  degeneration  is  a  i-ecrtmia^^^ 
result  of  the  aoceleratcil  autolysis  ;  iicc<inling  to  some   writers  (AVal*^^ 
vogel)  the  fut  arises  from  the  pmteitls  iu  the  proctss  of  autoly-Ms,  but      ^' 

'  The  lessened  oxidnlion  in  the  tiatmes  was  at  ore  time  believed  to  t»e  i]iw  to  c  M^ 

{ihtjsphoriumsing  up  llit*  oxyjivn  for  \u  own  oxitJatinn,  hut  tliif*  isobvionslyino)^^"^^ 
or  the  amount  of  oxyjren  reonired  for  this  would  he  qnite  iniiigni6cftOt.  Anott^*^ 
theorv,  ihut  phoiphorua  acta  Uy  libeniting  ntu<ceuC  ux/gcn  iu  the  cellar  is  bwed  oo  *■' 
eiiffictcnt  evidence. 
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pwmfi  raorc  pluiL^ible  to  supiKisc  that  thp  cells  in  the  condition  of 
onwoniiMl  activity  draw  ujMm  tlie  fat  already  present  in  the  tissues  and 
8t«re  it  in  their  inferior  in  the  form  of  globules. 

In  viuw  of  the  curious  ettect  of  phosphorus  on  the  tissue  change  of 
the  vertebrates,  its  action  ujion  fiimpler  fomis  possesses  some  interest. 
It  han  been  found,  however,  that  yeast,  infusoria  and  bacteria  are  very 
little  afltried  by  tjur  presence  of  tliis  poison,  and  living  inierolx'ji  arc 
founrl  in  large  nundwrs  on  w»lid  pieces  of  phosphorus.     The  ferments 
aroaUo  unatfeettid  for  the  most  part,  {X^psin  and  pancTeatin  acting  in 
the  presence  of  phosphorus.     Curiously  enouph,  although  the  oxida- 
tion is  ]m|i^rfect   in   animals  poihoued   with   phosphorus,  Hansen  has 
Toiind  that  if  phosphorus  be  added   to  the  blocKl   which   is   jn-rfused 
through  an  exciwi-d  organ,  the  oxidation  is  as  rapid  as  if  no  poison  had 
boen  added.     He  found,  however,  that  some  of  the  synthetic  processes 
of  the  body  were  probably  retarded   by  it,  for  less  hippuric  acid  was 
ii>rm(Kl  in  u  kidney  |M>rfused  with  blootl  containing  phosphorus  than  in 
one  in  wliich  normal  blood  was  used.     On  the  otiicr  hand  theautolytic 
activity  of  the  liver  is  augmented,  as  has  been  noted  already. 
I      The  Temperature  is  often  low  in  the  later  stages  of  phosphorus 
poisduiug,  but  slight  fever  is  also  observed  in  some  cases. 

The  Fate  of  phtisphorns  in  the  body  is  still  obscure.  It  is  possible 
that  some  of  it  is  oxidizx^l  to  phosphoric  acid,  and  some  pltosphorus  is 
said  to  be  excreted  by  the  lungs,  although  the  statement  that  the  breath 
becomes  phosphorescent  seems  to  be  extremely  improbable.  It  is  also 
excreta  in  the  urino  in  aorae  organic  oombinations,  of  which  nothing 
is  known,  though  they  are  said  to  be  volatile.  In  pregnant  auimala 
poisoned  witli  phosphorus,  the  fuetus  h  found  to  undergo  fatly  degen- 
eration, so  that  the  poison  would  seem  to  pass  through  the  placenta. 

Phosphuretted  hydrogen  (PH^)  induc4>s  the  same  symptoms  a^  phos- 
phorus, when  it  is  given  ui  rc|>c:Ue<l  small  (|uautities.  Larger  doses 
are  very  nipidly  fatal  and  the  >yrnpiituis  ditl'cr  entirely  from  those  of 
phospluu'us  |>oi^ouing,  consisting  of  niarketl  dyspufca,  pin*gati(m,  weak- 
nev*,  tremor,  antl  tiiudly  violent  convulsions  and  respiratory  failure. 
The  oxygen  com|M)uuds  do  not  seem  t*»  have  any  such  effeeU,  and  for 
the  most  {xirt  are  harudcss  except  in  very  large  doses. 

PRKPAKATIONS. 
PhoBphonu  (U.  8.  P.,  B.  P.),  tt  translucont,  nearly  colorless  solid  resembling 
wax  in  lustre  aud  eonrtij^tciiey.     It  emits  white  thmes  in  the  air,  which  are 
luminous  in  the  tiark,  and  takers  fire  spont^iiieously.     The  fumes  have  the 
loJor  of  gurlio,  and  in  diluti*  st>lutioa  pfiusphorus  haa  a  harsh,  disu^roi'able 
taslo.      It  is  very  little  suUible  in  watt>r,  more*  ho  in  nicobol,  and  distwlves  to 
'    mbout  two  per  ca^iU.  iu  faU  and  oils,     ^-l  mg.  d^a-h  gr.)  (B.  P.  xin-^ff  gr.). 
OUum  Pho^horntHm  (It.  P. )  is  n  fww  per  cent,  stilulion  in  almond  oil  and 

Ielhtr  (1-5  niin.-,)-  PliosphuriiltHl  ui)  ought  to  bo  freshly  prepareii  ami  kept  in 
tightly  sltippcrod  bnltk'rt  ;  &i>luti(>U!i  of  one  r»er  cent.  t<'nd  to  hw*  their  strcngUi 
hj  eva|Hinition  of  the  pliosphorus  and  l>y  oxitlution,  nhfu  the  bottle  conlaiag 
air.  It  i»  sai<i  in  k«'i'p  iM'ttf-r  in  inorp  dilute  Aulution  (one  i>er  niille).  U  in 
pmtwhtc  thiit  mut  h  of  iho  nil  dinpen^n)  is  under  one  |Kr  cent,  in  Rtrength. 
I^Juhr  liut^hnri  (T.  tS.  P. ),  each  pill  contains  0.6  mg.  of  phosphorus  dJ^  gr.  J, 
Pilula  PfMphori  (B.  P.),  2  per  cent,  1-2  grs. 
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Therapeutic  Uses. — Phosphorus  has  been  recommended  in  viriooa 
diseases  of  the  ceiilnil  nervous  system  and  iu  neuralgui,  hut  it  is  ^liV\ 
Huestionable  whether  it  is  of  any  real  beuufit  in  these.  There  is  more 
reason  to  believe  iu  its  virtues  iu  l)one  disease,  more  especialljr  i** 
rachitis  and  osteomalacia,  for  in  a  number  of  insLinees  marked  in*— 
provemeut  has  been  observed  in  the?ie  diseases  under  ita  use.  It  i* 
geuerally  given  in  solution  in  eod-Iiver  oil,  and  the  benefit  maybedu*^ 
in  part  to  the  menstrnura,  but  not  entirely,  for  Sternberg  observe*!  ' 
rebip^e  in  a  cas*!  of  oster»malacia  when  pure  cod-liver  oil  was  subst*"" 
tuted  for  the  phosphorated  oil.  In  rickets  a  solution  containing  O.O  1 
G.  iu  100  c.c.  of  cod-liver  oil  is  rooommeiided  ;  2—4  teaspoonfuls  '*<*> 
be  given  eaeb  day/  In  osteomalaria  a  one  per  cent,  sobition  may 
prescribed  and  1-5  rag.  phosphorus  taken  each  day. 

Key  found  the  lime  excreted  in  the  urine  in  ricketi*  increasefl  und 
the  treatment  uith  phosphorated  wtd-liver  oil,  much  Icijs  under  tlie(^  ^ 
alone,  and  noi  at  all  under  phosphorus  alone.  He  regards  this  85  i 
dicating  an  iinTeased  absorplion  of  lime  from  the  fotnl.  Other  boi 
diseases,  such  as  caries  and  ununited  fractures,  have  also  been  trent 
with  phoppliorus  occasionally,  but  the  results  have  not  been  recordi 
in  sufficient  numbers  to  allow  of  any  statement  as  to  the  efficacy  of  tt^** 
treatment. 

Treatment  of  Phosphoms  Poisoning.  —  Phosphorus  is  comparativf 
slowly  absorbed  fnmi  the  alimentary  canal,  mj  tliat  in  the  early  htag 
an  attempt  ought  to  be  made  to  remove  it  by  emetics  or  the  stomac^^Ji 
tube,  and  by  purges.  Fats  and  oils  must  be  avoided,  as  they  tend  "•^o 
dissolve  tin.-  poison  and  promote  its  absorption.  Phosphorus  haa  1)og^  ^ 
found  in  the  stouls  three  days  after  its  ingestion,  and  a  ahaqt  purges 
may  tlitTeCore  be  of  use  up  to  this  lime. 

Another  method  of  treatment  is  that  aiming  at  the  oxidation  of  lfc»* 
phospln>riis  in  the  ptomach,  or  at  the  formation  of  unal>sorl)able  wVm'b- 
pinnnls.      Ttifpontine  oil  was  fnnncrly  us*.-<l  with  the  olyeotof  oxidizit*^ 
the  [►hiisphi>rus  or  of  forming  some  eonip«iund  with  it   in  the  storanctli, 
but  tliis   ti'ejitmcnt   h:is   pri)VL>d  (piilo  valueless  (Phiver).      Suipbatcol 
cop|)er  is  recommended  iu  phosphorus  ])oisoning,  a  large  dose  bcin^ 
given  first  as  an  emetic,  and  afterwartls  jruiuller  dojics  to  form  an  infalli- 
ble eomjH>und,  copper  phosphide,      Pcrnianganate  of   jmtassium  &^l"- 
tion,  one  p«^r  mille,  has  lieen  recpntly  advised  to  ttxidizf  the  phosiphorus. 
while  |>eroxide  of  hy<lrogen  solution  is  of  less  value.     In  the  secondary 
stage  alkalies  are  reeoniniended  in  order  to  neutndize  the  excfss  e( 
san-olaetic  acid  formed  in  the  tissues. 

Plio8|jln>rus  necrosis  has  to  be  treated  surgically  on  tlie  same  prina* 
pies  as  other  necroses  of  bone. 

*  ThU  woulil  he  fijuivalcnt  to  ^-2  mg.  of  plinspliorus  daily,  but  ns  a  mnttero'  wi 
the  phiifiphonited  oil  from  which  the  ure«;riptic>n  is  filled  conUiuf>  much  \^*  than  oat 
{ler  cL'til..  HO  (hat  the  dose  octuully  takoii  probnbly  Boldom  Rmounto  to  more  lhUi<fi* 
inllligram  daily. 
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XXXI.    ARSENIO. 

^of  the  K«.'*  aetive  prepuriitions  of  arHenic,  such  aa  the  sul- 
^algar  (As^S..)  and  Orpiment  (As^,8,),  have  Iwen  known  in 
jotics  since  the  beginning;  of  the  Christian  oni,  Ixit  tliis  metal 
Might  iiitfi  <*.mwcial  promiiiuiR-i!  in  lali-r  times  thnnigh  tlio  t'rc- 
ise  of  the  more  ilangerous  oxides  in  eritiiinal  poisoning.  Thus 
ttrious  Aqua  Tofana  of  th<i  sixtt^uith  and  Heveutecnth  ceuturies 
■  activity  to  the  pre^oiiee  of  ar^cnio,  and  various  arsenical  com- 

nave  been  iise<l  up  to  the  la.-^t  few  years  more  largely  than  al- 
ly other  poison  in  .snieide  and  hotnicide.  This  I8  to  be  ex- 
■fay  their  having  l>een  widely  oraployed  iu  the  arts,  and  thus 
&dily  aeces8iid('  to  jdl,  and  by  the  jj<'neral  rtH^ognition  of  their 
lUB  nature.  Of  late  years  intentional  arsenic  poisoning  has  be- 
omewhat  loss  eutnnion,  though  on  the  othor  hand,  accidental 
is  »tiil  met  with  not  infrequently,  e.specially  iu  the  chronic 
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forms.  Many  of  th«w  chmnic  caiJes  art?  extremely  tliffictilt  to  diagnoie, 
and  pmbably  oden  pass  unrecogoized  by  the  attending  physiciau.  h 
view  of  this  fact  it  seoms  desirable  that  more  stringent  mea;»nrw  should 
be  taken  to  reduce  the  use  of  ursenic  in  the  arts,  and  especially  to  pre- 
vent its  l>eing  brought  in  contact  with  f(M>d.  The  danger  of  the  use 
of  the  green  arsenical  dyes,  such  as  Sclieele'a  Green  (arsenite  of  d»p- 
per),  and  Schweinfurt^a  Green,  or  Paris  Green  (arsenite  and  acetate 
of  copper),  is  now  generally  recognised,  hut  arsenic  is  still  used  in  Ihe 
preparation  of  f)ther  colors,  and  tliese  may  give  rise  to  pnisonlng  from 
the  imperfect  removal  of  the  raetal.  It  hits  also  been  used  in  dilute 
s<jlution  to  preserve  fi>xi,  and  a  solution  is  often  sprayed  upon  gnipe 
vines  and  other  plants  to  preserve  them  from  the  attacks  of  insects. 
Poisoning  has  ijccurred  fn^m  these  sources  and  is  diflicidt  to  diaeiiosci 
as  it  is  in  some  cases  impossible  to  find  the  means  by  which  the  arsenic 
enters  the  system.  A  widespread  epidemic  of  |K»iHoning  in  Enjrlan^ 
in  1900  drew  attention  to  a  source  of  arsenic  which  had  nr»t  up  to  th**- 
time  received  the  attention  it  merited.  Several  thousands  of  persott^ 
suffered  from  arsenic  being  contained  in  cheap  l>eers  made  from  git*' 
cose,  in  the  manufacture  of  wiiich  sulphuric  acid  liad  l»een  employe 
The  sulphuric  ucid  was  formed  from  iron  pyrites  containing  arseni^^ 
aud  tile  poison  was  carrietl  from  the  sulphuric  acid  with  the  glu 
into  tiie  beer.  Sulphuric  acid  js  used  in  the  manufacture  of  so  man^ 
dnjgs,  tb<»ds  and  other  substances  in  constant  use,  that  this  intimation 
tlmt  it  may  convey  arsenic  into  articles  where  its  existence  has  uot  -* 
hitherto  been  susix'cted,  is  of  the  gravest  im|H}rtaDce. 

Metallic  ai>ienic  is  insoluble  in  water,  and  passes  through  the  alimen- 
tary cjwml  for  the  most  part  unchanged  and  without  action,  but  it  \$ 
possible  that  small  quantities  may  be  oxidized  to  arseeiious  ani<l  in  the 
stomach  and  intestine  under  simm  conditions.  Some  symptoms  have 
been  observed  when  it  ts  rubbed  ou  the  skin  in  a  state  of  fine  division, 
and  thc.se  arc  probably  due  to  its  absorjjtiou  in  the  form  of  an  oxide. 
The  cliURictpristic  '*  arsenic  "  acti(tn  is  induced  by  the  salts  of  arscnious 
acid  (AsO^H^),  and  by  its  anliydride  (As^Oj  which  is  often  known  aa 
a?"«cnic,  and  which  exists  in  the  tissues  as  arsenitcs.  Arsenic  action  is 
theret.jr^  due,  not  to  the  element,  but  to  the  ion  of  arsenious  acid. 
The  anhyanih  ind  salts  of  arsenic  acid  (H^AsO^)  cause  similar  symp- 
toms, but  arc  lev  ,K>is(;)naus  and  act  more  slowly  than  th(»se  of  arse- 
nious  acid,  and  may  probably  owe  their  cSVcts  to  the  formatiou  of 
arsenites  in  the  tissues. 

The  action  being  duo  to  the  ion  and  not  to  the  element,  it  DeceaaariJy  fol- 
lows that  compuuiuJs  from  which  the  ion  is  uot  liberated,  do  not  induce  the 
arseuic  action,  or  do  si»  tuily  wliiju  they  art*  changed  to  bodies  wbich  can 
dissociate  the  uix^nioui*  acid  ion.  Thus  organic  iirsenic  conibinutious  in 
which  the  Tnolallic  atom  isdirt'clly  attached  to  carbon  ore  only  feebly  poison- 
ous, hut  in  course  of  time  seem  to  bo  cliuuged  to  ursenious  acid  in  th*  tissues, 
and  thun  cause  tvi)ical  poisonin>r.  The  beat  known  of  these  are  caeodylio 
oxide  ((CH^,As^b(fH,),)  .nnd  cacodylif  ucid  ((Cn,),AsOOH).  Ai^enkH 
compoundn  of  the  aromatic  stories  hav**  also  been  exuniiued  pharuiacoIo{n< 
and  induce  arsenic  symptoms  when  jciven  in  large  <|uanlities.  This  poison- 
ous action  isa^ain  due  not  to  the  undecomposed  molecule,  but  to  the  arseni- 
oufi  acid  derived  from  it,  some  of  which  is  found  excreted  in  the  urine. 


ARSENIC 


605 


I 


bus  aci<3,  which  in  ihe  following  pages  will  be  Uiken  as  the 
ntalive  of  "  arsenic  "  action,  has  a  somewhat  sweetish  tuste,  and 
thc'A'fore  not  m  likely  to  be  detected  by  tlie  vii'titn  as  many  of  the 
otiier  jHiisons, 

Symptoms.  —  In  large  quantities  arsenic  very  often  causes  no  symp- 
toms for  half  an  hour  or  more,  but  then  tlie  patient  complains  of  a 
feeling  of  constriction  in  the  thrtiat,  of  difficulty  in  swidlowing,  and 
nf  discomfort  in  the  stomach  region.     This  soon  increases  to  violent 
pain,  and  is  accompanie<l  by  vomiting,  and  later  by  watery  diarrhoea. 
The  stools  are  nt  first  of  onlinaiy  <liarrhfpic  api>earance,  but  later  re- 
semble the  "  rice-water"  stools  of  cholera,  in  thut  they  ctinsist  almost 
eatirely  of  minute  shre<is  of  disintegrated  mucous  memlmine  suspended 
in    a  sen>us  tluid  ;  sometimes,  however,  they  are  clear  and  gelatinous 
in  appearance.     In  some  cases,  blood  appears  in  the  vomited  matter 
And  also  in  the  stCMils,  but  this  is  not  by  any  means  an  invariable  fea- 
tnro.     The  urine  is  ilitninislud,  or  entirely  supprcsseil,  from  the  great 
Amount  of  fluid  eliminated  by  the  stomach  and  bowel.     These  symp- 
toms from  tiie  alimentary  tract  are  accompanied  by  giddiness,  cramps 
ttn    the  muscles,  headache,  and  soon  by  collapse,  with  cold,  damp  skin, 
poller,  feeble  pulse  nnd  weak,  sighing  respiration  ;  this  later  passes  into 
ooma,  and  death   follows  with  or  without  couvulsii)ns.     In  cases  in 
■^^Hieh  the  dose  is  smaller  than  the  fatal  one,  or  in  which  much  of  the 
F**=»ison  is  eliminated  by   vomiting,  the  patient  may  recover  without 
"*rther  symptoms   than   those  already  described.     Frequently,  how- 
^T,  he  rect>vers  from  the  acute  symptoms  only  to  develop  those  of 
5t»»-«nic  arsenical   poisoning.      In  some    instances   it  is  said  that  no 
tnptoras  are  present  except  those  of  collapse  and  coma.     In  acute 
isoning  death  may  occur  within   '24  hours,  but  more  frcfjueutly  the 
Tj^t-ieut  lives  for  2—4  days  or  longer,  and  then  succumbs  to  exhaustion. 
*  ■>«  fatal  dose  is  very  uncertain,  In-causc  arsenic  is  vcr\-  insoluble,  and 
^*'»rh  of  the  piiisrm  may  be  thrown  up  by  vomiting,  or  pass  out  in  the 
**^«=»cils  unabsorbeil.     Thus  in  some  cases,  recovery  has  followed  after 
^^rr  large  quantities,  while  in  others  about  0.1  G.  (IJ  grs.)  haa  proved 
^Ui'l. 

Chronic  Arsenic  Poisoning  may  arise  from  a  single  large  dose,  the 

'-ffVi-tH  |K'rsi-^ting  for  wctks  or  months  after  the  ingestion  and  new  8ymj>- 

^'Vna  arising  as  the  earlier  ones  disappear;  more  freqneutly,  however, 

^t  is  induced  by  the  prolonged  absorption  of  small  quantiti(«.     The 

milder  symptoms  may  arise  from  its  therap»^niic  use,  but  typical  casefl 

ape  genendly  due  to  the  prrst'uw  of  arMiiic  iu  the  form  of  dyes  in  wall 

piper  or  clothes,  or  in  stntK'd  animals  in  the  nntms  inhabited  by  the 

victims,  or  to  tlic  constant  handling  of  arsenical  pigments  nnd  other 

compounds  in  mines  and  njiinufactories.     Widespread  poisoning  has 

l)wn  obs<'r\-i'd   fmin  llie  use  of  wines  containing  arsenic  at  Hyeres  in 

Franco,  fn:im  milk  dilutetl  with  arseiiioal  water  iu  Lundon,  and  from 

beer  in  (he  Manchester  district.     In  these  last  cases  the  arsenic  was  in 

BolutioD,  but  it  often  seems  to  \ye  inhaliKl  in  the  form  of  fine  dust,  which 

&ll8  from  the  walls  or  other  objects.     It  has  been  suggested  that  the 
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arsenic  dyes  arc  decomposed  by  microbes  and  the  volatile  arscoiureltcd 
bydrogen  (AsHj^)  inhaled,  but  there  seems  no  reason  to  suppose  thit 
this  is  the  case,  and  the  inhalation  of  fine  particles  is  a  sufficient  ex- 
planation. 

The  symptoms  of  chronic  arsenic  poisoning,  whicli  are  often  very 
obscure,  may  be  divided  into  three  phases.     In  the  first  of  thea',  UiC 
patient  complains  of  weakness  and  languor,  loss  of  appetite,  someufii 
and  occiisionally  vomiting,  with  a  sense  of  heaviness  and  di.s<y:imfi>rt  lO 
the  stomjtch.      Piarrhnpa  may  be  present,  but  is  often  absent,  anJ  ^* 
fact  some  constipation  may  occur. 

In  the  secoml  phase  the  conjunctiva  is  often  red  and  inflamed,  ar»<i 
Bymptoms  of  ooryza  appear,  with  sneezing,  hoarseness  and  eoMghin^g» 
from  a  aitarrhal  condition  of  the  mucous  membranes  of  the  iioseiu»^ 
lar\'nx.     Some  swelling  of  the  liver  and  jaundice  may  occur,  but  the^ae. 
are  not  genendly  wi*ll  marked.    Skin  eruptions  of  various  forms — p^t-^" 
ular,  vesicular,  or  erytheuiatous  —  are  generally  noted  ;  very  oftcotl^^ 
epidermis  falls  off  in  fine  brownish  scales,  or  in  th:  hands  atid  fi-c t  m  n 
large  flakes  (keratosis);  a  curious  jiiirmentation  is  very  common,  tfc^^P 
skin  assuming  a  dark  metallic  color  resembling  in  extreme  forme  tb^at 
produced  by  rubbing  a  lead  pencil  npmn  it  (arsenic  melanofiis).    TU  5a 
pigmentation  is  nnu'h  more  marked  in  persons  t>f  dark  complexion  tlieiJi 
in  fair  |K*opIc  in  whom  it  may  be  indistinguishable  from  ordinary  frctl^- 
lea ;  it  generalSy  disapiH^ars  whrn  the  patient  is  removed  from  the  po*- 
Bonous  atmosphere,  Ijiit  has  beun  |>enjument  in  gome  cases.     In  pro- 
longed poisoning  llie  eruptions  may  simulate  almost  any  form  of  skifl 
disease,  ami  the  huir  juid  [iriils   full  ofl*.     Herpes  is  not  infrequently 
observed  and  p>ints  to  nervous  disturbances  such  as  am  promineDt 
features  in  the  next  phase. 

These  phases  are  not  always  distinct  in  cases  of  poisoning,  and  v<?*7 
often  some  of  the  symptoms  of  the  second  phase  may  appear  befo^ 
any  marke<l  ^lisorder  of  the  digestive  tract.  In  the  prolonged  thera- 
peutic use  of  Hi-sonic,  the  first  indications  of  commencing  ]M)i:*oning  a** 
redness,  suflTiision  and  swelling  of  the  conjunctiva  and  eyelids,  a^^ 
dryness  of  the  nose  and  throat,  as  in  cor^'za.  On  the  other  handr  *^ 
workmen  exix)sed  to  arsenical  dust,  the  first  symptoms  may  arise  fro"^ 
the  skin  or  from  bronchial  irritation. 

The  third  phdMf  is  niarkeil  l>y  disturbance  of  sejisation  and  motioO  '" 
localized  areas,  generally  in  tlic  hands  and  feet  (peripheral  neurit*^/' 
It  is  often  ushereil  in  by  intt'ose  persistent  headache  or  by  aC^** 
jjain  located  around  the  knee,  ankle  or  foot,  less  fretjUPiitlv  in  ^^^ 
wrist  and  hand.  The  patient  complains  of  formication  in  the  ^^" 
tremities,  and  of  the  discomfort  caused  by  tiie  pressure  of  the  l->^^' 
clothes  on  the  feet  and  legs.  The  ]>alms  of  the  hands  and  the  soles  *^* 
tbe  feet  are  often  red,  swollen  and  extremely  sensitive  to  touch  (e**/' 
thromelalgia),  and  jircssure  on  tiie  muscles  imluws  the  most  intecB^ 
pain.  I>aler,  sensory  paralysis  may  set  in,  especially  in  tbe  extrf^*^' 
ities,  and  the  less  acute  sense  of  touch  in  the  feet  and  hands  indii«^^*9 
symptoms  resembling  those  of  locomotttr  ataxia,     The  scngitivopcfiS   ^^ 
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it  and  cold  may  be  exaggerated  or  dulled,  or  sometimes  heat  is  not 

ipreciated,  while  cold  causen  intense  pain.     The  sense  of  pain  varies 

different  cases,  in  eomc  being  ahnornmlly  acute,  in  others  deadened. 

'Iicje  sensory  di;*turl»anceH  are  folli>\ved  in  severe  poisoning  bv  motor 

irajysis  which  generally  appears  in  the  extensor  miiKclc^H  of  the  toes, 

iter  in  the  peronei  musclee.    More  rarely  the  flexor  muscles  of  the  leg 

id  foot  are  involved,  and  in  sume  cases  the  affeetion  commences  in  the 

Censors  of  the  hand  and  fingers.     As  a  general  nile  ihi'  pnralypis  is 

pnfined  to  the  extrtmiitios,  but  in  some  ctjses  it  has  been  f<.nnd  to  in- 

pdo  the  trunk.     It  is  generally,  but  not  invariably,  symmetrical,  and 

■e  muscles  affectetJ  atrophy  rapidly,  and  contract  weakly  to  the  gal- 

knic  shock,  not  at  all  to  the  faradic  except  in  the  beginning  of  the 

Section.     Thi:i  lessened  excitability  of  the  muscles  sometimes  appears 

ftfore  the  typical  degeneration  reaetiou  is  observed,  but  is  then  fol- 

■i»"ed  by  it  later.    The  muscles  are  abnonniilly  excitable  to  mechanical 

irntilation,  however,  while  the  tendoii  reflexes  are  generally  entirely 

»nt.     There  is  sometimes  some  diliicuUy  exi>erienced  in  i.haguosing 

;oic  from  lead  paralysis,  but  in  the  former  there  is  often  a  history 

atMite  p*>i.soning,  while  the  latter  is  almost  invariably  due  to  pro- 

iged  absorption.     Disturbances  of  seut^ation  are  nmch  more  ct)ra- 

*u  in  arsenic  than  in   lead  palsy,  and  in  the  latter  the  forearm  mus- 

are  generally  atrccted  first,  in  the  former  tho*R  i»f  the  h*g.      In 

?nic  poisoning  atrophy  is  said   to  occur  much   more  rapidly,  and 

pere  is  no  line  on  the  gums.     Another  condition  which  presents  still 

F^ter  diflicullies  in  diagnosis  is  alcoholic  neuritis.     But  in  the  latter 

pin  eruptions  are  extremely  rare,  eoryza  is  not  present,  and  there  are 

federally  more  m:irk**d  brain  syni|itoni3   than  in  arst^nical   cjlscs.      In 

bubtful  cases  the  urine  and  the  hair  of  the  patient  should  be  tested  for 

jteeoic, 

I  Arsenic  paralysis  may  appear  as  early  as  three  days  after  an  acute 
Itoxication,  but  is  commonly  observed  later  and  may  occur  only  after 
^^  weeks.  Some  :nithors  have  asserte<l  that  in  chronic  arsenic  pdt- 
►uing  there  is  a  paralysis  of  the  sexual  powers  (anaplirodirtia),  and 
fc^ribe  this  i*)  an  action  on  the  nerves  of  the  sexual  organs,  similar  to 
|lat  observed  in  the  extremities,  but  this  symptom  is  not  by  any 
k«aiis  generally  present,  and,  in  fact,  abnormal  sexual  excitement  has 
feen  noted  in  some  eases. 
In  very  prolonged  arsenic  poisoning  the  patient  may  sink  into  an 
!tic,  serai-idiotic  condition,  or  may  bkeeorae  epileptic.  In  most 
the  symptoms  slowly  disappear  when  the  jxiison  is  removed^  but 
fen  slight  paralysis  may  last  for  many  years  before  it  is  entirely 
Bred,  and  after  complete  degeneratiou  of  the  muscles  little  improve- 
ient  is  to  be  exptjcted.     Tfje  coniraetures  which  follow  arc  generally 

ti  to  the  unopposed  action  of  tlic  sound  luiisclcs,  but  sometimes  arise 
m  the  sliortening  of  the  }>aralyzed  ont-s. 
'  Arsenic  |>oisoning  geiKTuliy  occurs   from  the  inhalation  of  particles 
i  the  dnig,  or  from  swallowing  solutions  or  powders.     But  the  same 
jrraptoras  have  been  elicited  in  animals  by  suUiutaneous  iir  intravenous 
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injection,  and  some  cases  of  poisoning  in  man  are  recorded  in  which 
the  arsenic  gained  entrance  to  the  body  through  its  appHcatioD  to  barns 
or  other  surfaces  denuded  of  skin,  or  from  its  application  to  maooas 
membranes,  as  in  the  vagina. 

Action. — The  symptoms  of  arsenic  poisoning,  as  far  as  the  Alimen- 
tary Oanal  is  concerned,  resemble  those  of  corrosive  poisoning  so  closely 
that  it  was  long  supposed  that  arsenic  bad  some  destructive  effect  upon 
albumins,  resembling  that  of  the  acids  and  corrosive  metals.  Many 
attempts  to  form  a  combination  between  proteids  and  arsenic  have 
been  made,  but  have  proved  fruitless ;  arsenites  and  arsenious  acid  do 
not  coagulate  proteids  or  change  them  in  any  way,  except  when  applied 
in  such  enormous  quantities  as  never  reach  the  stomach. 

The  action  of  arsenic  on  the  alimentary  canal  cannot  be  explained 
as  due  to  any  ordinary  form  of  corrosion,  therefore,  although  the  symp- 
toms and  the  post-mortem  appearances  resemble  in  many  points  those 
of  the  corrosive  poisons.  Thus  the  mucous  membrane  of  the  stomach 
is  generally  found  red  and  swollen,  either  in  patches  or  throughout  its 
whole  extent.  Haemorrhages  into  it  are  occasionally  present,  but  are 
not  by  any  means  a  constant  feature,  and  little  or  no  erosion  can  be 
made  out  as  a  general  rule.  The  epithelial  coat  can  be  nibbed  off 
ver>'  easily,  and  is  found  to  be  in  a  state  of  fatty  degeneration.  It 
sometimes  resembles  a  false  membrane  and  has  been  described  as  such, 
but  closer  examination  shows  it  to  consist  almost  entirely  of  the  degen- 
erated epithelium.  This  destruction  of  the  epithelium  is  often  con- 
fined to  particular  parts  of  the  organ,  affecting  the  posterior  wall 
chiefly  in  man.  Where  arsenic  has  been  swallowed  in  powder,  and 
has  remained  in  contact  with  the  wall  for  some  time,  the  congestion  is 
often  more  marked,  and  here  even  erosion  may  appear.  In  some  cases 
no  congestion  of  the  stomach  is  met,  the  only  lesion  consisting  in 
cloudy  swelling  and  fatty  degeneration  of  the  gland-cells,  similar  to 
that  mentioned  under  phosphorus. 

The  intestine  presents  very  similar  appearances,  the  mucous  mem- 
brane being  swollen  and  congested,  more  especially  around  Peyer's 
patches.  It  contains  a  quantity  of  thin  fluid  with  flakes  of  membrane, 
resembling  exactly  the  rice-water  stools  of  cholera,  and  in  fact  it  may 
be  difficult  to  distinguish  the  intestine  of  arsenic  poisoning  ftx)m  that  of 
cholera.  Small  particles  of  arsenic  are  often  found  in  the  stomach  and 
bowel,  even  after  profuse  vomiting  and  purging. 

In  some  cases  the  redness  ard  congestion  extends  up  to  the  throat 
and  causes  a  feeling  of  soreness  in  the  mouth. 

The  first  explanation  suggested  for  the  action  of  arsenic  on  the  ali- 
mentary tract,  namely,  the  corrosive  action  of  the  drug,  has  been 
shown  to  he  incorrect,  for  the  same  symptoms  arise  when  arsenic  is 
absorlxxl  from  the  subcutaneous  tissue,  or  from  the  broken  skin.  This 
does  not  entirely  preclude  the  corrosive  action,  for  arsenic,  though  ab- 
sorlx^l  frtmi  the  skin,  may  be  excreted  by  the  mucous  membranes,  and 
thus  cornnle  them  ;  and,  as  a  matter  of  fact,  small  quantities  (up  to  a 
milligram)  have  been  isolated  from  the  stomach  and  intestines,  when 
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areenic  was  injected  intnivcm>iisly  in  unimals,  but  these  are  obviously 
ini:ufiRcient  to  cause  such  violent  syinptomH.  Besides,  as  has  been 
8tfited,  arsenic  docs  not  change  protoids  in  solution  as  the  corrosive 
poisons  do,  an<l  riinnot  therefore  elicit  typical  corrosion.  Boehm 
aiid  his  pupils  have  t-iiggested  that  the  pistro-intestinal  action  of 
an^nie  is  due,  not  to  any  direct  action  on  the  epithelium,  but  to  the 
vascular  changes  inducecl  by  it  They  suppose  that  the  extreme  dila- 
tation of  the  intestinal  vessels  and  (aipillaries  gives  rise  to  the  conges- 
tion and  swelling,  and  this  in  turn  to  the  destruction  of  the  lining 
tiiembrane,  perhaps  l)y  the  exudation  of  fluid  beneath  the  epithelium. 
This  transudation  of  fluid  is  certainly  in  accord  with  the  watery  char- 
acter of  the  stools  in  arsenic  poisoning,  but  the  exjilanation  df>ea  not 
*eem  entirely  satisfactory,  for  it  fails  to  acomint  for  tlie  fatty  degener- 
and  the  cloudy  svvellinj^  of  the  epitlu'Huni,  which  are  in  some 
the  only  lesions  found  here.  Tlie  fatty  degeneration  is  uot  con- 
to  the  stomach  and  bowel,  but  involves  a  number  of  other  organs, 
althoagh  it  is  not  as  a  general  nile  so  widely  distributed  as  in  phos- 
phorus pois«3ning.  Arsenic  then  must  be  considered  to  have  a  8j>eciHc 
action  in  causing  fatty  degeneration  of  the  epitJieliura  of  the  stomach 
and  intestine.  This  in  itself  is  Hutlicient  U)  explain  many  of  the 
symptoms  from  these  organs,  although  it  may  well  be  that  the  vascular 
action  is  the  caase  of  the  excess  of  fluid  in  the  intestine,  and  in  fact, 
the  fatty  degeneration  alone  is  insufficient  to  explain  this  feature,  which 
Li  absent  in  phosphorus  |>oisonii»g.  In  cases  of  poisi;)ning  where  the 
ic  is  taken  by  the  mouth,  and  espittially  when  large  (juantities  of 
ury  araenious  acid  are  swallowed,  the  specific  action  on  the  epithelium 
aoci  the  vascular  antiou  are  prolmbly  iutensifled  by  the  direct  contact 
of  the  [R>ison.  Filehne  is  dis|>os*!d  to  reg:ird  the  corrosion  of  the 
stomach  which  is  sometimes  observed,  as  due  to  the  dige8tii>n  of  the 
epithelium  killed  by  arsenic,  and  not  to  the  direct  action  of  the 
poison. 

Id  therapeutic  doses  arsenic  is  said  to  increase  the  appetite  and  pro- 
mote digestion,  an  elfert  which  may  |H'rhaps  1h»  due  to  the  siM-cific  ac- 
tion on  the  epithelium,  this  in  its  milder  tbrms  proving  of  advantage 
to  the  organ,  though  in  excess  it  leads  to  its  degeneration, 

Tlic  action  of  arsenic  on  the  Circulation  has  been  investigated  by 
ral  authors,  who  have  obt4iined  diseonlant  results.  In  the  frog 
the  heart,  is  slow  and  weak,  eventually  becomes  irregular,  and  ceases 
to  diastole  after  etjmparatively  small  doses ;  the  action  s<!ems  to  be  a 
direct  [taralysis  of  the  muscle.  In  the  mammal  the  heart  ia  less 
afieoied ;  it  is  somewhat  accelerated  by  very  small  doses  injected  in- 
travenously, but  is  sli>wed  by  larger  ones,  and  the  inhibiUiry  mechan- 
iam  dofts  not  seem  to  Im?  altered.  The  blo4)d-preAsure  is  often  increased 
at  first,  but  soon  falls  after  large  doses.  The  cause  of  this  fall  has 
been  a  matter  of  dispute,  but  the  most  recent  investigator  (Pistorius) 
attempts  tt»  bring  the  results  of  his  predecessors  into  acoorti  by  ex- 
plaining that  tlie  vaso-raotor  centre  and  later  the  splanchnic  nerves  lose 
their  control  over  the  vessels.  When  the  pressure  begins  to  fall,  it 
39 
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V  be  t"<->=''*^^^       ^y  stimulation  of  the  vaso-motor  centre,  but  this  loses 

•?   pffect.     \s3-'*^'*^'*'  ^'thouf?^  direct  stimulation   of  the  splanchDic  nerves 

^T'U  \ncT'€;ei**<^^  ^^^  tension.     Still  later  the  splanchnics  lose  their  acdon 

\^    uffVv    -r>ii.T*aJy3*8  of  their  ends,  or  of  the   vascular  walls,  while  Ae 

.    -%^53i_30-<50''^^"*^*^''  nerves  are  still  capable  of  narrowing  the  vessels ; 

f     *  lYst s3LTi.oe  stimulation  of  the  cervical  sympathetic  still  causes  paUor 

„  ,.         c^sxxr    so  t^^'  ^^^*  action  of  the  drug  seems  to  be  conBned  to  the 

^  \  rtoVxTiic  area.     The  dilation  of  the  mesenteric  vessels  leads  to  venr 

®P    Vceci^   congestion  of  the  stomach  and  bowel,  and  along  with  the  les- 

^^     -%     cifficlency  of  the  heart  reduces  the  blood-pressure  to  eero.  Some 


"rlesnice  has  been  brought  forward  that  under  arsenic  the  capillaries 
^rTrro-Vt   the  passage  of  fluid  into  f 
Pf .      xx%^y  explain  the  appearance 
,    _    *^li<5  large  amount  of  fluid  in  the  stools  and  vomited  matter, 


rrfc.Vt   the  passage  of  fluid  into  the  tissues  more  readily  than  normally; 
^-      ¥-i:»ay  explain  the  appearance  of  cedema  in  cases  of  poisoning  and 


^  *vi»Y>^  Respiration  is  somewhat  accelerated  at  first  by  the  intravenous 
.  .  ^tion  of  small  quantities  of  arsenic,  but  afterwards  returns  to  its 
^^•^  -^-^sil  rhythm.  In  cases  of  poisoning  in  man  the  respiration  does 
^^  ^  seem  to  be  much  affected  until  late,  but  it  ceases  before  the  heart, 
^^  V>jibly  from  the  exhaustion  and  low  blood-pressure,  and  not  from 
P^        specific  action  on  the  centre. 

^**?Pl^g  action  of  arsenic  on  the  Central  Nervoos  System  has  been  le- 
tedly  examined.    A  descending  paralysis  is  elicited  in  the  frog,  the 
P*^  -  .y^oX  first  losing  its  spontaneous  movements,  and  then  its  reflexes, 
*^*  J  ^\^Q  terminations  of  the  motor  nerves  being  involved  only  very  late 
^^  A^je  intoxication.     There  is  no  question  that  the  brain,  spinal  cord 
^"^  J  nerve  ends  are  directly  acted  on  in  these  animals,  for  paralysis  is     i 
^Aicit<^d  by  arsenic  much  sooner  than  by  arrest  of  the  circulation  by     | 
^  xcision  of  the  heart.     In  mammals  there  are  generally  no  certain  io- 
^ications  of  direct  action  on  the  nervous  system  in  acute  poisoning,     . 
■for  the  weakness  and  prostration,  and  the  final  loss  of  consciousntts 
-nd  coma  may  be  attributed  to  the  exhaustion  from  the  gastro-intes- 
tinal  effects  rather  than  to  the  centres  being  immediately  affected.    At 
the  same  time  the  acceleration  of  the  respiration  in  the  beginning  of 
the  intoxication,  and  the  paralysis  of  the  vaso-motor  centres,  would 
seem  to  point  to  a  direct  action  on  the  medulla  oblongata. 

The  pathology  of  the  nervous  disturbances  observed  in  chronic  poi- 
soning, and  often  after  a  single  large  but  not  immediately  fatal  dose,  is 
j^till  obscure,  and  probably  bears  no  relation  to  the  symptoms  observed 
in  animals  in  acute  poisoning.     In  many  cases  of  paralysis,  there  is 
distinct  tenderness  along  the  course  of  the  nerve  trunks,  which  would 
suggest  iM>riphcral  neuritis  as  the  cause.    Kreyssig  could  find  no  altera- 
tions in  the  spinal  cord  in  cases  of  jwisoning  in  animals  except  occa- 
sional hiemorrhages,  which  did  ni)t  seem  to  be  of  consequence.    Jaachke 
and  Alexander  observed  i>eriphcral  neuritis  in  animals,  and  the  ques- 
tion therefore  secmetl  decided  in  favor  of  the  peripheral  origin  of  the 
f^ymptonis.    More  recently,  however,  in  two  autopsies  of  persons  suffer- 
ing IVom  arsenical  paralysis,  undoubted  lesions  of  the  spinal  cord  have 
been  described.     The  symptoms  point  so  unmistakably  to  peripheral 
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etiritiri  as  the  oiuih,  however,  that  the  almost  iinivcrsiil  opinion  is 
utt  the  nerve  fihros  are  the  primary  |K»int  of  attack,  altliouj^h  in 
ivere  cases  the  affeetiou  may  involve  the  nerve  cells  in  the  coiil  in 
ddition. 

The  peripheral  ner\'e9  and  the  inuRctefl  are  little  nniM?t«il  by  arsenic  in 
cut«  poisoning  ;  hut  the  mueeledof  u  fix;<r  poistnietl  w\lh  arsenic  are  found 
B  lose  their  irritability  somewhat  sooner  than  those  of  one  whose  circulation 
ml  ct'utml  nervouH  system  have  been  deatroyed,  so  that  the  poiaon  has  some 
eli'terious  effect  on  them  al^. 

The  nnbroken  Skin  is  not  aifectotl  Ity  arsenic,  unless  wlien  it  is  ap- 
lie<l  repeate<ily  or  allowed  to  remain  in  eiitntact  with  it  for  some  time, 
Hijen  it  may  give  ri?ie  to  rnlne:;*.'^,  [JiiHtiilcs  or  vesicles  and  later  to 
'iolpnt  ensipclatoid  inflammation.  It  h;is  not,  however,  any  ^ueh 
)misive  action  on  the  skin  ax  is  |)Os*ie:ased  by  stning  acids,  ami 
subcutaneous  injection  of  arsenic  is  not  painful.  It  is  more 
when  a[»plic(l  to  denuded  surfa<vs  and  to  th(*  nnicoiw  mem- 
cs,  destroying;  them  to  some  doplli  and  causing  acute  pain,  but 
JD  here  it  acts  mi>re  slowly  than  ordiimrv  caustics.  It  seems  to  act 
Dly  upon  living  cells,  and  unlike  aciib*  and  alkalies,  forms  no  combi- 
Itioas  with  the  dead  tissues.  The  local  cifects  of  arsenic  on  the  skin 
IB  seen  only  in  workmen  handlinjr  arsenic,  as  in  color  factories,  in 
ibich  affections  of  the  skin  uf  the  face,  hands  and  scrotum  are  by  no 
leans  rare. 

Id  arsenic  poisoniuj^  skin  eruptions  are  common,  and  may  be  due  in 
■rt  to  circidatory  disorders,  btit  are  to  bo  ascribed  for  the  most  part 
6  the  direct  action  of  the  drug  on   tlic  skin.      This  ap|W':U't^  to  acceler- 
ate the  gMwth  and   jirolifei-ation  nf  \\\v  cjiithclium,  which   is  foun<l  to 
^  increased  in  thickness,  but  which   in  very  severe  cases  shows  signs 
If  atrophy   and    degeneration.       Arsenic     has     been    fotmd    in    i\\>- 
(reebble  amount  in  the  hair,  epidemud   scales,  and    in   the   fluid  of 
{"blister  in  palient8  lrcatc<l  wild  it,  and  chanj^cs  iu  the  condition  of 
w  skin  in  animals  have  also  Ikmmi  obs4'rve<l.     Thus  Ringer  found  llie 
Kdormijn  of  the   frog  pe<^l   ttlf  with  great  ease  when  it  was   poisoncti 
ftb  arsenic,  and  Nunn  ascribes  this  to  the  softening  of  the  prot4>pliism 
the  deeper  cells  of  the  epidermis  ;  analogous  changes  have  been  ol>- 
fved  iu  the  cornea* 

The  melanosis  of  arsenit^  poisoning  seems  t^^  be  due  to  tho  de]M)si- 
11  not  of  an  arsenical  coui[>iHind,  but  f>f  some  organic  product  in  the 
ftper  layers  of  the  corium,  Tlic  symptoms  of  irritation  of  the  mu- 
tis  membranes  of  the  eye,  nose  and  larynx  are  analogous  U\  the  skin 
Apt  ions. 

"The  action  of  arsenic  on  The  Blood  is  still  obscure,  althtmgh  it  is  fre- 
lently  prescril)ed  in  various  forms  of  anaemia.  In  chlorosis  and  in 
linal  persons,  it  is  said  to  diminish  the  numl>er  of  the  red  corpuscles, 
t  not  to  alter  the  total  hjemoglobin  of  the  bloo<l.  Iu  a  case  of 
iciourt  amemia  recently  examined  by  Eugcl,  it  was  found  that  ar* 
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scnic  iiion-aw.'d  the  munU'r  of  young  newly  fornie<l  rci\  wlk  wliilf  tW 
number  of  more  mature  corpuscles  was  diminishotl.  H<:'ttninun  stntes 
tti:it  iu  subacute  iM)isouing  in  rabbit^?,  the  red  ci'llsand  hjomojjloliioMt 
diminished,  and  nucleated  rcil  ot-lls  a[>|>ear  In  the  bl(»t>d  iti  stjmc  num- 
ber;  he  holds  that  arsenic  acts  on  the  blood,  and  also  on  the  blo(x!- 
formin^  organs.  Stockman  and  Greig  found  the  1>1(kh3  oelU  and 
hieinof^lobin  unaltered  by  arsenic  in  normal  animals,  but  descrik'tbe 
bone-murmw  ats  evidently  in  a  state  of  unusual  activity,  indicat«i  Iff 
its  increased  vascularity,  greiiter  number  of  red  blood  corpusclts and 
le&sencd  fat  e-ell^. 

In  some  cases  of  arsenic  poisoning  Fever  is  observed  ;  this  dowuot 
seem  due  to  any  specific  action  of  the  drug  but  to  the  inflamnialiuu  of 
the  muroim  mrinl)n»nert  and  the  skin. 

The  Hotabolism  is  atfectcd  by  a  poisonous  dose  of  arsenic  in  the 
same  way  as  by  phosphorus,  but  the  alteration  is  not  generally  w 
marked  and  is  liable  to  be  Overlooke<l,  owing  to  the  more  intense  acdun 
on  the  alinientary  canal.  Tlie  nitrogen  of  the  urine  is  cou>ldcntlilT 
greater  than  that  of  inanition,  but  it  is  not  quite  clear  whether  this 
is  due  to  uu  inereaf*e  in  the  urea  or  to  other  nitrogenous  substancrt. 
The  ammonia  is  pmbably  augmented,  for  a  considerable  amouDl  of 
lactic  acid  hif^been  rtbtained  from  the  urine,  and  the  alkalinity  nf  thf 
blood  U  ndiK-L'd  owin^  to  tlie  Ini-nmtiou  of  this  acid  in  excess.  Tl» 
glycogen  of  the  liver  disappears  entirely,  and  the  liver  seems  in cii|»abK' 
of  Ibrmiug  it  from  the  sugar  of  the  food.  Legion  of  the  mHlulU 
oblongata  (diabetes  puncture)  does  not  cause  glycosuria  ailer  arsenic, 
but  curara  and  other  ilrugs  are  etill  cjipjible  of  eliciting  this  symptun. 
The  fatty  dcgcneratiuu  of  the  epithi-lium  of  the  stomach  and  intpstiitf 
has  been  mt'ntionc<l  already,  but  this  alteration  Is  not  e(jntine<l  to  lhe« 
tissues,  being  found  in  the  liver  and  kidney,  in  the  muscle  cells  of  the 
heart,  blood  vessels  and  striated  muscles,  and  in  the  lining  epitheliwu 
of  the  alveoli  of  the  lungs.  Small  necrotic  ff»ci  have  Ixvn  obsenc^l 
by  Wolkow  in  tht;  liver,  along  witli  signs  of  active  division  of  the 
parenfliymatons  cells,  as  in  phosphorus  {K»is«jning. 

Many  nf  these  changc-s  admit  of  the  same  explanation  as  that  givt'O 
in  phii>phoriis  poisoning,  namely,  thai  arsenic  lessens  the  oxidation  of 
the  tissues  and  causes  fatty  degtMicration  of  the  cells  of  various  oipins; 
it  may  also  increase  the  waste  of  llje  pniteids  of  the  l}4>dy  directly^ 
but  the  increase  in  the  nitrogen  of  the  urine  may  perhaps  be  «?e- 
ondary  to  the  other  features.  Attempts  have  bwn  made  to  demoofitnte 
the  lessened  oxidation  by  estimating  the  respiratory  gases,  hut  htte, 
US  in  phosphorus,  no  satisfactori*  results  can  Ije  obtitined  by  this  nirtMt 
owing  to  the  slow  progress  (»f  the  intoxication,  and  to  the  diniiul^li'" 
movement  and  retarded  digestion  ;  these  in  themselves  are  suflicicnl '^ 
CAUse  a  marked  fall  in  the  output  of  carbonic  acid  and  in  the  abft'n*" 
tion  of  oxygen,  without  any  direct  action  on  the  tissue  wll?.  Tw 
nietalKilisni  is  less  afleelcd  by  arsenic  than  Ity  piiosphorus,  bowver, 
for  the  fatty  degenemtion  is  less  marked  and  le^s  lactic  acid  is  ^* 
creted.     Nencki  and  Siebcr  have  also  shown  that  benzol  canbeoJi' 
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iod  to  phenol  in  ajiinial.-*  poImmumI  with  arsenic,  while  in  {tliosphorus 
ieoning  the  tissues  are  nnahle  to  effbct  this. 

The  fatty  ilogwicration  nmy  have  the  same  rr^iiltn  as  in  pliosphonis 
isoniug.  The  liver  is  somewhat  enlarged  ami  the  pressure  on  the 
le  duet?  prevents  the  escape  of  bile  into  the  intestine,  and  thus 
Duces  jaundice  and  the  up|>earance  of  bile  pig^meuts  and  bile  acid  iu 
Iff  urine.  Jaundice  is  seldom,  however,  a  very  marked  feature  in 
r^nic  jKiiHoninj;,  and  ix  often  entirely  absent.  The  bile  is  s;ii(l  to  fo»- 
liii  ullmmin,  nnl  bhwid  t-ells,  and  easU  as  in  phosphunis  iMtisoning,  but 
tM!s  not  present  other  clianges  except  immediately  before  ileath 
Pilzecker). 

iThe  prolonged  administration  of  arsenic  in  quantities  insufficient  to 
hodu(rH  ehninic  pi^isouing  is  reputed  to  have  some  effect  on  the 
rowth  and  Nutrition.  It  is  dilUcult  to  obtain  accurate  data  in  regard 
Mhis  point,  and  while  the  improvement  in  nutrition  is  atttisted  by  a 
tinil)er  of  independent  observers,  other  equally  careful  investigators 
|ve  not  been  able  to  confirm  their  results.  Giea  treated  some  of  a 
r  of  young  rabbits  with  arsenic  in  minute  doses  for  sevenil  weeks, 
found  that  they  weighed  more,  and  were  larger  iu  every  way  than 
untreated  animals  ;  the  subcutaneous  fat  was  much  greater  in 
unt,  the  lM>ne8  were  longer,  and  the  muscles  more  develojK'd.  The 
Ig  bones  prcsentetl  the  ap|>earance  described  by  Wegner  under  phos- 
iorus  treatment,  beinji;  longer  and  r'Jtntaining  more  dense  bone  both 

E'le  shaft  and  the  ejiiphyses.  Female  rabbits  treated  with  arsenic 
young  of  abnormal  size  and  weight ;  Gies,  in  fact,  supposefl  that 
'  size  causwi  dilHculties  iu  their  passage  through  the  jielvis,  for 
By  were  all  born  dead.  Several  other  olxscrvcrs  have  described  a 
ore  rapid  growth  and  greater  activity  in  young  aninirtls  treated  with 
Benic,  and  an  increase  iu  weight  is  often  noted  iu  man.  On  tlie 
ber  hand  Stockman  and  Greig  observed  no  change  in  tlic  growth  of 
jmals  under  prolonged  treatment  with  arsenic,  and  found  thut  the  only 
tones  atfecteti  werethe  growing  l>ones,  wliieli  appeart-d  ilensrr  than  usual. 
iThe  improvement  in  nutrition  has  not  lieen  explaintvl,  tliongh  a  slight 
Brease  in  the  nitrogenous  excretion  and  in  the  amoimt  of  nitrogen 
Hhe  stools  has  been  noted  by  Weiske,  who  holds  that  more  of  the 
pd  is  utilized  by  the  digestive  apparatus,  and  at  tfie  same  time,  less 
(Dteid  is  decom|K>sed  in  the  tis?^ues.  The  change  in  the  amount  of 
trogen  excreted  is  so  small,  however,  that  doubt  may  Ix'  enterlaii^ed 
hether  it  mav  not  be  duo  to  unavoidable  errors  in  the  estimation,  aod 
■er  iuvestigatt)r3  have  been  unable  to  detect  any  alteration  attribut- 
(le  to  the  drug.  Fresli  invcHtigation  of  this  iir»int  is  thus  reipirrod 
tfore  certainty  can  be  reached  regarding  the  I'fftets  on  the  uiitritiou, 
id  still  more  reganling  the  explamitiou  of  tlic  alterations. 
[When  small  quantities  of  arsenic  are  taken  habitually,  Tolerance  ia 
{tablished,  and  the  dose  may  l)e  gradually  increased  until  it  far  ex- 
^s  that  which  would  be  poisonous  in  ordinary  ])crsons.  This  is 
explanation  of  arsenic-pating  wliich  is  known  to  exist  indifferent 
of  the  world,  but  which  is  most  wi<lespread  and  best  known  in 
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Styria  and  the  Tyrol.  The  peasants  there  indulge  in  the  poison  habit- 
ually, and  believe  tliat  it  enables  tbem  to  work  better,  and  in  particnlar 
to  climb  the  mountains  with  less  efTort  and  less  respiratory  distress. 
They  also  credit  it  with  improving  their  complexions  and  general  ap- 
pearance, and  give  it  to  their  horses  in  order  to  render  their  coats  more 
smooth  and  glossy,  and  to  make  them  stronger  and  fatter.  Doubt  was 
formerly  entertained  as  to  the  truth  of  the  statements  made  r^arding 
the  doses  used  by  these  people,  but  this  was  definitely  settled  by  Knapp, 
who  administered  0.4  G.  (7  grs.)  of  arsenious  acid  to  one  of  the  peas- 
ants at  Graz  without  inducing  any  effects  whatsoever.  Large  quanti- 
ties of  arsenic  have  also  been  isolated  from  the  urine  of  arsenic  eaters, 
showing  that  much  of  the  drug  is  absorbed.  Arsenio-eating  is  said  to 
be  indulged  in  to  a  considerable  extent  by  young  women  in  some  coun- 
tries with  the  object  of  improving  the  complexion  and  figure,  and  cases 
of  arsenic  habit  have  been  described  in  different  parts  of  America  and 
elsewhere.  As  far  as  can  be  observed  the  habit  is  not  deleterious,  for 
the  Styrian  peasants  live  to  old  age,  and  no  symptoms  attributable  to 
the  poison  have  been  noted.  As  a  general  rule  large  doses  are  taken 
once  or  twice  a  week,  and  no  fluid  is  swallowed  for  some  time  after- 
wards, so  that  some  of  the  poison  may  pass  through  the  bowel  unab- 
sorbed.  No  tolerance  for  arsenic  has  been  established  in  animals,  even 
by  prolonged  treatment  with  minute  doses. 

As  a  contrast  to  the  Styrian  peasants,  the  miners  of  Reichensteio 
may  be  mentioned,  who  are  constantly  exposed  to  arsenic  owing  to  its 
being  contained  in  large  quantities  in  the  ore.  These  people  are  de- 
scribed by  Geyer  as  shortlived,  very  subject  in  childhood  to  severe 
rickets  and  in  adult  life  to  dropsies  and  respiratory  diseases ;  they 
offer  little  resistance  to  microbial  infection  and  frequently  present  the 
skin  and  nervous  symptoms  of  arsenic  poisoning.  Why  arsenic  should 
be  beneficial  or  at  any  rate  harmless  at  Graz,  and  so  deleterious  in 
Reichenstein,  it  is  impossible  to  state  at  present.  But  it  is  not  unlikely 
that  the  contrast  may  rest  upon  differences  in  the  general  nutrition,  for 
Delepinc  and  others  have  found  that  animals  supplied  with  abundant 
food  and  in  good  hygienic  conditions  survive  under  chronic  arsenic 
poisoning  much  longer  than  less  well  nourished  ones.  This  difference 
in  the  nutrition  may  also  explain  the  fact  that  in  epidemic  poisoning, 
as  in  tlie  Manchester  cases,  conijjaratively  few  of  the  persons  exposed 
to  the  poison  exhibited  any  symptoms  from  it. 

Arsenic  is  Excreted  for  the  most  part  in  the  urine,  to  a  much  smaller 
extent  in  the  stomach  and  bowel  and  along  the  respiratory  mucous 
membranes.  Traces  are  eliminated  in  the  skin  secretions,  in  the  hair, 
and  in  the  milk,  and  fatal  intoxication  has  been  observed  in  a  child 
from  the  milk  of  its  mother,  ^o  was  suffering  from  acute  poisoning. 
In  the  urine  arsenic  appears  in  part  in  organic  combinations,  in  part, 
according  to  8elmi,  in  the  form  of  a  volatile  organic  base,  which  is  in- 
tensely poisonous  and  causes  convulsions  in  frogs.  Arsenic  is  only 
slowly  excreted ;  it  is  stated  to  have  been  detected  in  the  urine  2—3 
months  after  its  administration,  but  it  has  been  shown  to  occur  in  the 
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urine  o(  a  niinilier  of  por:*<Mi»  who  presented  no  signs  of  p()iHoning  and 
had  not  hcen  treated  with  ansenie^  ho  tltat  it  is  iHjssihIc  that  in  those 
cases  of  slow  elimination  tlie  arsenic  of  the  urine  did  not  ariee  from  the 
Single  administration,  but  from  its  subsequent  absorption  from  some 
other  Bource,  such  as  the  water  or  air.  There  is  no  question,  however, 
thai  it  remains  in  the  system  lon^r  than  many  other  poisons.  It  is 
probable  tJjat  the  efTecta,  espi'eially  the  pjiralysis,  hist  long  after  the 
drug  lias  been  exereted,  lesions  having  been  induced  which  are  only 
slowly  recovered  from. 

Arsenie  is  found  in  largest  quantity  in  tho  liver,  in  which  it  forms 
a  Hmi  ninihination  with  the  iiurlcius ;  it  is  alsii  (le{K)site<l  in  the  kid- 
nev,  in  tlic  walls  of  the  stomucli  and  intestiiu',  and  in  the  spleen  and 
lungs.  Much  smaller  quantities;  are  found  in  the  muscles  and  in  the 
nen'oufl  tissues,  which  were  formerly  .suppose*!  to  trontain  more  tlian 
the  liver.  It  is  statcil  that  in  cases  of  poisniiiug  arsenic  is  found  in 
the  while  matter  of  the  bmiri  in  much  lar^'cr  pnt|xirtion  than  in  the 
cortex.  In  the  blood  nnwt  of  the  arsenic  is  siii<l  to  Ik»  containtHl  in  the 
bloiNl  cells,  ct)nip;iratively  little  being  free  in  the  plasma.  Arsenic  has 
hewi  (leteeti-'d  in  the  cancellous  bones  of  the  skidl  and  vetebra?,  after  it 
lui'l  <Iisap|»eared  i'nuu  all  the  otlier  orgaus. 

Ansenic  i±)  poisonotis  to  many  of  tho  lower  forms  of  life,  a^  well  as  to  the 
V(trt«bnte8  -,  thus  it  has  bet'u  found  ihut  its  prt'seaeo  iu  conipanuively  dilute 
•olutioii  (i»De  part  of  arsenioua  acid  in  30,1)00  parts  of  water)  hinders  the 
devclopmeut  of,  imd  eveutunlly  kills  uigie  and  the  seeils  of  the  higher  planus. 
On  the  other  hand,  moulds  grow  abumlaiitly  in  a  st.ilutiuu  of  ui-soiiit«  of 
P^UlJi  (I  per  eent.)  containing  some  i»rgitnic  matter,  niul  tho  alcoholic  fer- 
mentation proceeds  in  the  presence  of  ai-senic,  although  it  is  f^omewhat  re- 
l*ttle*l  at  first ;  very  dilate  solutions  of  arsenic  even  accck'mte  the  fcrmcn- 
t*lion,  as  is  Inie  of  most  other  antisepticM.  Arscnious  acid  is  only  about 
ottB-tenth  as  strong  an  antiseptic  as  perchlorido  of  mercury,  and  the  si»on"a 
of  iinthrax  aro  dwttmytMl  only  after  ten  days  in  a  one  por  mille  sohition.  It 
l**s  Ihcroforc  a  greater  antiseptic  power  tliau  many  of  the  other  acids,  but 
BOttpared  with  its  action  oti  Iho  higher  forms  of  life,  it  is  hut  slightly 
poiaoauii^  tii  the  Huigi.  It  seems  to  have  no  cU'ect  on  the  activity  of  the 
fermentj«,  such  as  pepsin,  myrosin  and  emulsin. 

The  arsenates  are  much  l^ss  Imrmful  t^i  lowly  organized  forms,  for  seeds 
and  algiB  as  well  as  moulds  grow  In  a  neutnil  solution  abundantly,  and  even 
the  infusoritk  do  not  seem  injured  by  it  to  uny  marked  <lcgree.  Apparently 
these  pluutH  and  nninuils  are  incapable  of  reducing  it  to  arsonioufi  acid,  and 
Mte  therefon.^  not  more  affected  hy  it  than  by  other  acids. 

The  bodies  of  persons  pois^^med  with  arsenic  are  said  to  remain  undecom- 
poaed  for  a  remarkably  long  time,  and  to  t*'nd  to  become  mummifled.  The 
■tifctement  is  still  disputed,  hut  i^  vouched  for  by  a  numlM.'r  of  authorities. 
It  a  cerLiinly  not  invariably  the  case,  and  little  weight  is  to  bo  laid  upon 
mammificutioD  in  determining  whether  arsenic  poisoning  wofl  the  cause  of 
death  in  exhumed  persons. 

So  account  of  the  pharmaeologj*  of  arsenic  woidd  bo  complete  without 
mention  of  the  theory  advance^l  hy  Binz  and  Si^hulz  U>  explain  its  adion. 
They  suppose  that  arwnious  acid  is  oxidi/^1  to  arsenic  acid  hy  ihe  living  tia- 
raeBf  and  the  arsenic  acid  again  reduced  to  ar^enious.  In  this  way  oxj'gcn  ia 
alternately  withdrawn  from,  and  sup)>lied  to  the  protophism,  and  this  alter- 
nate n.'tUictioii  and  oxidation  they  f^up{M)so  to  be  the  e^^ntial  fejiture  of  the 
action  of  arsenic.  The  grountLs  on  which  this  explanation  is  based  must  h© 
sought  in  the  numerous  papei'S  ou  the  subject  by  these  authors,  aud  it  may 
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safRca  here  to  atnte  that  while  an«nic  aciil  appears  to  l»e  rf*]iniil.  m\ 
arsonioits  acid  oxidized  iu  the  ti89uos,  tlu-iw^  proct'sses  nre  probably  onlv 
gnulual.  Otht^nviKe  it  would  he  difficult  Ut  explain  how  ursenious  acM  l-iso 
muL'h  more  poisonous  than  arsCDiu  ut-id,  for  if  the  latter  were  readily  f»- 
duced  lo  areeaiuus  acid  it  would  be  equally  toxic. 

Arseoic  and  phoHphorua  are  inchidet]  in  one  group  in  cheraiittrT,  xnJ 
their  effects  on  living  organisms  present  HufHcient  resetnblaucc  to  ju^ 
tify  their  association  in  the  pharmacological  system.  The  mii<Mb 
mcmbmnes  and  the  skin  ni-o  more  affected  by  arsenic,  however,  ami 
the  circulation  is  more  rapidly  depresse<I,  while  the  fatty  dci^nerati'Ti 
of  the  protopla.sm  of  the  vertebrates  is  much  more  prominent  in  pli'^- 
phorus  poisonin|,^  TJie  differences  between  their  effects  are  nwre  in 
degree  than  iu  Icind,  and  there  seems  no  question  that  their  ultini-itf 
action  on  p^(tt<^plasm  is  of  the  aime  nature.  It  is  to  l»e  notwi,  \m- 
ever,  that  there  is  no  reason  to  suppose  that  phosphorus  oww  it^^ 
action  to  any  of  its  numerous  compounds  with  oxygon,  while  it  u 
probable  that  the  oxides  of  arsenic  alone  are  capable  of  raixJlfviue 
vital  funetious. 

I'he  Sulphur  Oompounds  of  arsenic  arc  entirely  insoluble  and  are  thritji>re 
not  al>aorl>L'd  as  surh^  \m\  it  seems  likely  thai  sniull  i|uantillt*:s  oT  ursoiiicw* 
acid  arc  fttnued  fruin  tlicin  in  the  Jnteslini-  by  uiici-ubes.  Commercial  or]ii 
mcut  uftfu  contain}?  lur^c  amounts  of  arseuiuus  acid. 

Arseniuretted  Hydrogen  (Aslt,)  ia  an  excet^iiingly  poisonous  gas,  which 
has  caused  a  number  of  fttt4d  accidents  from  being  inhaled  accidentanv  in 
chemical  lalwnitories.  One  source  of  danger  is  the  lilH'nUiitn  of  hydn-jP"" 
from  acids  by  the  action  of  zinc,  which  ortcn  contains  arsenic  uutl  ihcrefori' 
gives  rise  to  this  giia.  It  difl'crs  entirely  from  the  oxides  of  arsenic  in  il*ac- 
lion,  and  there  is  no  reast>n  to  8Ui»pose  that  it  forms  these  in  the  body.  Po** 
sibly  tract-rt  of  arricniuretled  hydrogen  are  formed  from  arsoniou!?  acidiutlit 
inteMtinc,  but  in  insntTieiciit  quantities  to  have  any  appreriable  eirect.  At- 
soniuretleil  liydntgrii  acts  as  a  molecule,  AsH„  ai-senites  as  ionis,  anil  lli^ 
fact  that  both  molecule  and  ion  eonluin  an  atom  uf  arsenic,  does  not  news' 
sarily  entail  that  their  etli-cts  shall  h<'i\r  any  resemblance. 

ArRcniurettcd  hydrogen  acts  by  destroying  the  rwi  corpuscles  of  the  bloodt 
and  induecH  intense  headache,  nauKea  and  vomiting,  prostration  and  faint- 
ing fits,  cyannHJs  and  collapse.     ITtem(»gIoi>in,  mcthiemogtobiu,  hiemulinftnd 
occasionally  blood  are  jHisscd  in  the  urine,  and  more  rarely  the  Btoot?  cnnUiiP 
blood.     Sometimes  the  urine  is  entirely  suppressed  from  the  tubulfs  l)«it*S> 
plugged  with  blood  cells  and  debris,  and  intense  icterus  appears  from  I J**^ 
formation  of  excess  of  bile  i>iginent  from  the  haemoglobin  of  the  Jb-in*-^. 
grated  corpuscles.     <ll'>lema  of  tlie  lungs  or  sudden  failure  of  the  heart  is  C-^^ 
cause  of  death.     Some  of  the  gas  is  excreted  by  the  lungs,  and  may  be 
ognized  by  its  garlic  oilor,  and  rtome  arsenic  appears  in  the  urine,  but  i6 
not  known  iu  what  form. 

PRKPARATION.S. 

AasENi  Trioxidum    (U.  S.  P.).   AcmrM   AB3RNiosu>f  (B.   P.)  fAs,0, 
arseaou!^  or  ar>c»i<iud   acid   anhydride,  white  arsenic,   ratsbane,  forms  a  whi' 
powder,  or  opaque,  porcelain-like  masses,  or  a  transparent,  amorphous  bu* 
fiico  like  glass.      It  dissolves  slowly  in  cold  water,  the  ghissy  variety  reqoi  " 
ing  about  thirty,  the  porcelain  nbont  eighty  parts  of  water.     It  is  aim 
tasteless  and  has  no  odor.     1— j  uigs.  (.-'o-i'i  gr.),  in  pill  or  solution. 
'meals.     The  '*  Asiatic  "  pill  consists  of  arsenic,  black  pepper  and  liquori 
Arnenoiti  {V.  S.  P.),  Liquor  Aritenici  HjfdrochloncuM  (B.  P.), 
it.  solutiou  of  arsenous  acid  aiidulated  with  hydrochloric  ad 
(I-S  mins.),  JJ-O  drox»s  thri-e  limes  daily,  after  meals. 
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iLiQCOR  PoTAflflfr  AikSENiTia  (U.  6.  p.),  Lit^uoR  Absenicalim  (B.  p.  ).  Fow- 
tr'sBolutiou,  cttntAina  one  per  cent.  ofarsenoiiH  acid  m?utraHze<l  with  bi<'ar- 
^iit«  of  potanb,  to  which  oonipoand  tiiK'turo  of  lavender  in  nddeil  U>give 
gloraod  flavor.  0.05-0.5  c.c.  (1-8  inrns.),  S-5  drope  three  times  daily, 
tU'T  meals. 

Sodii  Araenwt  (U.  S.  P.)  (Nft,nAfiO  ->-  7M/»)  forms  colorless,  odorlesa  crys- 
M"-  ver\-  soluble  in  wntfr,  with  a  mild,  alkaline  tii«te.  l-fi  m^.  (s'o— I'l  jn*.)* 
\Mii  ArMrtias  (B.  P.).  .sJW/j  Arnrnm  KrHtrrtt/it*  (IT.  S.  P.)  {Nii,HAs(\),  is 
ftpari'rl  from  the  nrdinnrv  itrscuate  (U.  S.  P.  |  hy  driving  off  thy  water  of  erys- 
llltutinn.  and  lomin  a  white  powder.     Ttr-r'n  P""* 

lAquor  Sodii  Armenniia  (U.  S,  P.,  B.  P.),  Pearson^s  Aohitlon,  a  one  per  cent. 
Uution  of  the  Bodiiim  arsenate  of  the  I'enpective  phamiiicoixvios.  0.05-^.5 
(C  (I-S  niins.). 

\Ancni  lotUdum  (U.  S.  P.),  Arscnii  lodidum  (B,  P.)  (AsT,),  fjlos-sy,  oninge- 
U  crystals  with  an  iodine  o*lor  and  slowly  grivinfj;  otV  iodine  in  the  air  ;  it  is 
faible  in  7  partes  of  water,  hut  the  solution  soon  de(u>inpo8e8  into  ar»enciua 
Id  Iiydri<Klio  aeids.     3-10  luys.  (jV-)!  ^). 

ILigroR  ARi>KM  (Akbknii,  B.  P.)  et  Uvdrar«yri  Iouidi  (IT.  8.  P.,  B.  P.), 
^novan's  solution,  contains  one  per  <'ent,.  of  arrtcnic  iodide  and  one  per 
(it.  of  red  mercuric  iodiJe.  Thin  sohition  U  rlear  and  yellowish,  without 
p*,  but  with  u  harsh  metallJe  la-slv.  0.3-1.3  c.e.  (5-20  mius.),  after  meals. 
W*frri  ArBtmtis.     (See  Iron.) 

&ume  uinenil  waters  euntain  arsenic,  that  of  Lcvico  as  much  aa  8  mgs, 
t  litre. 

Therapeutic  Uaea.  —  The  acticm  of  arsenic  as  ascertained  from  ex- 
riinent.s  on  the  lower  animals  and  from  cases  of  poisoning  in  man 
hiws  little  light  on  it.^  uko  in  therajx-nlics,  and  ?;o  little  is  known  of 
fc  pathology  of  most  of  the  conditions  in  which  it  in  found  of  teiefit, 
ftt  no  attempt  can  be  made  U\  bring  the  two  series  of  observations 
^  relation. 

Arsenious  acid  has  been  used  oxtcrually  as  a  eaustic,  formerly  in 
Hous  forms  of  malignant  dispane,  more  roec'ntly  in  hipns,  in  M'hich 
b  said  to  destroy  the  diseased  surface  while  leiiviiig  tlie  healthy  skin 
|lffeote<l.  It  has  been  superseded,  however,  by  the  introduction  of 
^e^l  measures,  such  as  serapiii)^  witli  tlie  sharp  Hpoim.  Arsenic  in 
iistanee  is  still  used  iu  dentistry  to  <h':?trny  the  puli>  iu  decayed  teeth, 
tatcrnally  arsenic  is  used  in  malarinl  disease,  especially  in  invcte- 
|b  cases  in  which  there  in  mncdi  cachexia.  In  acute  eases  it  is  also 
beneiit,  but  is  much  less  certain  in  its  effects  than  quinine,  atul  it  is 
fV  questionable  wlidht  r  it  acts  on  the  malarial  ortranisni,  ibr  its  elB- 
p'  often  seeniH  due  nulicr  to  its  improving  the  general  nutrition  and 
bcning  the  cachexia  and  wiisting.  Many  authorities,  in  fact,  depre- 
ie  the  nse  of  arsenic  in  acute  malaria,  and  would  limit  its  use  to  the 
jftiexia  of  old  disease,  while  others  advise  its  use  with  iron  in  imlinary 
jps,  after  the  acute  stage  has  been  successfully  treated  with  f|uiiiine. 
jArsenic  has  also  been  used  with  benefit  in  ntnnilgia,  esjM'cially  when 

isumes  a  periodic  character,  and  in  chronic  rheumatism,  but  in  many 

definite  improvement  follnWH,  and  the  conditions  nnder  which 

value  cannot  be  more  nccunttely  dcliiied  at   the  present  time. 

of  choi-ca  often   improve  under  arsenic,  which   may  imply 

le  action   on  the  central   nervous  system,  although,  as  has  been 
1^  little  alteratioQ   ui  the  nervous  functions  is  observed  iu  ani- 
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-t>.     A.stlima  has  also  Wii       *  -* 
liaoh,  or  l)y  th(^  inliahition  of     £*  ^ 
V  uh  arsc'iiu-jil  i)ii|HT. 
iU'ii  i>r  sorvk'o  in  im'reasing  tlu»  t%l~*t^ 
.1.    ioiidition    in   diseases   accomiaiii^"*^ 
.  ^i-neral  weakness  an<l  ajKitiiy. 
..  .:i-st;nic  is  said  to  Ix?  beneficial,  but  tli*^ 
^vi-ary.     Many  forms  of  skin  disease  are  t 
H'lii  with  the  happiest  results.     Thusinpf**^^^^ 
...  iiuiien  ruber,  marked  improvement  or  con^  I^ 
.^  .roui  the  beginninp;  of  the  arsenic  treatment-  * 

S\  ^..  ..»ly  in  the  chronic  forms,  and  is  said  to  be   l^'^y. 

-  .iwinjtr  the  earlier  stages  of  rapid  cell  prolifcrfi-^  ^.^^^i 
J  ...    .M-'ine  has  been  given  internally  and  also  by  J  *       <- 

,.  iiimors,  and  often,  though  not  by  any  means  J*^^-^ 
^    .  vahie.     Various  other  forms  of  leuccemia  have  ?-' 
^  *uiress.  *.^ 

..    i"  :ir>enic  in  reducing  the  glycogen  of  the  liver  sugge^^^^ 
jof  ii'S  but  most  reliable  authorities  have  failed  to  ohC  *^ 
■r>ults.     Arsenic  has  Ixvn  used  in  some  forms  of  trypa  ^ 
.  -....ii  in  animals,  and  has  been  found  to  improve  similar  c^ 

^  ..^  .-i  in  the  great  majority  of  cases  prescribed  in  the  form 
*  -cuiition.     It  is  generally  advi.sablc  to  commence  with  smi^^ 
5^^    .ui  ID  incri^aso  them  as  tolenmce  is  developed,  but  some  at---^ 
,^>  idvise  large  doses  from  the  outset.     Arsenic  is  always  pr^^ 
.\\»  i^»  l^e  taken  after  meals,  in  order  to  avoid  any  possible  actio^^ 
.V  .iij;i'r»tion.*     Several  authors  have  recommended  the  hypodermi-^ 
A..v»ii  »)f  Fowler's  solution  diluted  with  two  }>arts  of  water.     (Dos^ 
. ..-.,  "<  Miius.)     Arsenic  is  coutraindicated  in  cases  of  irritation  o^ 
.c  -uuiuu-h  autl  Iwwel,  and  is  generally  avoided  during  acute  fever^ 
v^,.|)L  in  Mtalaria. 
I  [  >\  iiiptoms  of  chronic  poisoning  lx>gin  to  assert  themselves,  the 
■  ira^  must  U'  discontinued  at  once.     The  first  symptoms  are  generally 
•UsurUereit  iligestion,  loss  of  api^etite  and  discomfort  in  the  stomach 
region,  a  feeling  of  constriction  in  the  throat  and  redness  and  swelling 
ot'  iIk'  ivnjunctiva  and  eyelids. 

lu  Acute  Arsenic  Poisoning  tlic  stomach  ought  to  be  emptied  at  once 
l>s  riK-aiis  of  the  stomach  tuln*  or  by  an  emetic  (a}x>morphine).  The 
niiiaiueh  washing  is  to  be  continued  for  some  time,  as  arsenic  is  veiy 
iii.^»>lul>le.  Iron  or  magneshun  preparations  have  been  advisoil  in  order 
U'  li'nu  a  lo<»se  chenntiil  etmibination  with  the  arsenic;  freshly  pre- 
i  ipiiautl  in>n  hydrate  forme*!  by  adding  magnesia  to  a  solution  of  inm 
-»ii!plia!e  forms  the  well-known  arsenic  antidote,  or  magnesia  alone  is 
■^luneiiiues   given    shaken    up  with   water.      Ex[)eriments   on  animals 

'  ftu^Hlylato  of  soil  in  m,  in  doses  of  0.(X")  G.  (1  rf.),  has  recently  been  recom- 
'iJi-iKU-il  i\s  a  siitistitiiti.'  for  tlu'  onlinary  arsoninil  prfpurationH.  It  appears  to  be  ex* 
cuuxl  for  the  most  purt  utu'lmnKiHl  bill  a  sniiill  i>on-(>ntaKC  is  reduced  and  this  bai 
Liic  Mil  l^*i  inure  comuionly  used  prcpanttion  (llefiler). 


PART  IV. 


THE  HEAVY   METALS. 


HEAVY  METALS. 


I 


-A  LAnoE  nximbcr  of  imjx>rtant  drugs,  belonging  to  the  chemical 
es  of  heavy  metals  resemble  eacli  otlier  so  closely  in  their  action  in 
iving  organisms  that  they  uiay  be  readily  grouped  together  in  a  divi- 
fiiou  of  the  pharmacological  system.  Some  authoi's  include  in  ihis 
Beries  arsenic  and  antimony,  but  the  former  presents  so  many  analogies 
to  phosiilioriis  in  its  ellects  that  it  is  preferable  to  treat  it  apart  from 
the  heavy  metals.  Antimony  is  certainly  as  closely  related  to  arsenic 
as  to  this  group,  and  may  be  regarded  as  a  connecting  link  between 
them. 

The  metals  as  such  do  not  induce  any  symptoms  except  from  their 
mechanical  pro|>ertiea.  Thus  mercury  may  l>e  SM'allowed  in  large 
quantities  without  causing  mercurial  jwisoning,  and  silver  or  copper 
coins  are  etpially  devoid  of  elTect  as  jwisons.  They  are  active  only 
wben  they  are  capable  of  dissuciatiou  into  ions  of  the  metal  or  of  an 
oxide.  Thus  potassium  fcrroeyanide  does  not  cause  any  symptoms  of 
iron  poisoning  when  it  is  injected  into  a  vein,  because  the  iron  passes 
through  the  body  uudissociatet^l,  and  any  effects  are  due  to  tlie  fcrroeya- 
nide ion  and  not  to  the  iron.  In  the  same  way  compounds  of  the  metals 
with  etljyl  and  methyl,  such  as  lead  triethyl,  have  an  actiou  quite  dif- 
ferent from  tlmt  of  lead,  as  long  as  they  remain  undeeomposed  in  the 
tissues,  but  eventually  induce  metallic  ]xiisoning,  as  they  are  broken 
up  into  l)udies  from  which  the  lead  or  lead  oxide  ion  can  be  dissociated. 
Tlje  action  of  the  heavy  metals  consists  of  two  parts,  the  local  effects 
induced  at  the  point  of  application,  and  the  general  efl'ects  which  fol- 
low tlif  absorption  of  tlie  poison  into  the  blood  and  tissues.  Either  of 
these  may  l>e  pro<luced  alone  by  suitable  preparntions  and  modes  of 
admini.stration,  and  they  arc  to  be  reganletl  as  entirely  imle|M.'ndeut  of 
each  other. 

The  Local  Action  of  the  heavy  metal  series  is  due  to  the  formation 
(»f  pn^tcid  combinations.  When  the  salt  of  a  heavy  metal  is  added  to 
a  solution  of  egg  albumin,  or  of  similar  protei<l,  a  precipitate  is  at 
once  fnrrawl  of  m('talli<'  albuminate.  TIhi  pr<)teid8  ap|toren!ly  play  the 
rale  of  acids,  forming  insoluble  salts  with  the  metals,  but  these  salts 
are  not  generally  of  delinite  chemical  composition,  for  the  percentage 
of  metal  contained  in  the  albuminate  usually  varies  within  wide 
limits;  in  8t>me  cases,  however,  delinite  compouuds  have  been  formed. 
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The  albumin  displaces  the  original  acid  of  the  salt,  which  may  be 
entirely   removed   by   prolonged   washing.      The  albuminates  of  the 
metals  are  insoluble  in  water,  but  most  of  them  are  soluble  in  excess 
of  proteid  or  of  the  metallic  solution,  and  many  of  them  may  be 
dissolved  in  solutions  of  neutral  salts  such  as  chloride  of  sodium.    Id 
the  albuminates  formed  by  the  addition  of  salts  to  proteid  solutions,  the 
metals  are  combined  in  the  same  way  as  in  inorganic  salts,  and  may  be 
detected  by  their  usual  reactions.     Thus  iron  albuminate  is  rapidl5 
blackened  by  the  presence  of  ammonium  sulphide,  because  ferrous  sa^' 
phide  is  formed  from  it  exactly  as  from  any  of  the  inorganic  salts.  O^ 
subjecting  these  albuminates  to  certain  chemical  manipulations,  hxss^^ 
ever,  the  metal  seems  to  become  more  firmly  attached  to  the  protei^>^ 
for  ammonium  sulphide  acts  on  it  much  more  slowly.     The  metal  i^^ 
then  said  to  be  masked,  because  its  presence  is  not  so  readily  detected 
as  in  ordinary  combinations.    Partially  masked  preparations  have  been 
formed  artificially,  but  in  the  body  the  process  is  carried  much  further, 
for  in  many  of  their  proteid  compounds  the  metals  cannot  be  detected 
by  any  of  the  ordinary  tests,  however  long  the  reagents  may  remain 
in  contact  with  them,  and  their  presence  is  recognized  only  when  the 
proteid  is  destroyed  by  heat  or  other  similar  agencies. 

When  a  solution  of  a  metallic  salt  comes  in  contact  with  a  living 
tissue,  such  as  the  mucous  membrane  of  the  mouth  or  stomach,  the  al- 
buminate is  at  once  formed,  and  the  acid  with  which  the  metal  was 
combined  is  set  free.  The  more  completely  dissociated  the  ions  of  the 
salt  are,  the  more  rapid  is  the  reaction  with  proteid  and  the  more  in- 
tense the  local  action.  Thus  the  more  readily  ionized  inorganic  salts 
act  more  strongly  than  the  organic  ones  which  are  slowly  dissociated, 
and  these  in  turn  are  more  liable  to  cause  marked  local  changes  than 
the  double  salts,  which  are  dissociated  with  difficulty.*  Other  factors 
determining  the  nature  of  the  local  action  are  the  character  of  the  pre- 
cipitate and  the  activity  of  the  acid  formed,  the  latter  again  varying 
with  the  extent  to  which  it  is  dissociated  into  ions;  it  therefore  exer- 
cises the  same  astringent  or  corrosive  effects  as  if  it  had  been  applied 
uncombined,  but  its  action  may  be  modified  by  the  presence  of  a  layer 
of  metallic  albuminate  protecting  the  surface.  Thus  when  a  weak  solu- 
tion of  lead  acetate  is  applied  to  a  mucous  membrane,  the  metal  forms 
an  albuminate  with  the  proteids  lying  on  the  surface  and  in  the  more 
superficial  parts  of  the  cells.  This  albuminate  forms  a  continuous  sheet 
over  the  mucous  membrane,  and  the  very  dilute  acetic  acid  formed  is 
incapable  of  inducing  any  reaction.  If  a  stronger  solution  be  applied, 
however,  the  metallic  precipitate  extends  more  deeply  into  the  cell, 
while  the  acetic  acid,  being  more  concentrated,  exercises  some  irritant 
action.  As  the  concentration  increases,  the  deeper  parts  of  the  epi- 
thelial cells  are  coagulated,  and  at  the  same  time  the  acid  becomes  more 
destructive,  so  that  eventually  the  su|)erficial  layer  of  the  epithelium  is 
killed  and  the  deeper  layers  are  attacked.  The  acetate  of  lead  may 
thus  act  as  an  astringent,  covering  a  mucous  surface  with  a  protective 
'  Paid.     Bedeutung  der  lonentlieorie  f.  d.  physiol.  Chemie,  1901, 
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pellicle  of  insoluble  albuminate,  as  an  irritant,  which  inducefl  an  in- 
crease in  the  circulation  of  the  part,  a  more  rapid  division  of  the  cells 
ami  an  eifurtion  of  liquid,  or  as  a  oorn).sive,  involving  the  superficial 
Inver  of  cells,  and  sometimes  even  the  deeper  ones  in  its  destructive 
effi-ctd. 

When  the  nitrate  of  lead  is  applied,  the  imtrin^cnt  effect  is  much  less 
evident,  the  irritant  and  tornwivc  more  marked,  lx*cause  the  salt  is 
more  readily  diss<wiat«Kl  and  the  reaction  is  therefore  more  ntpid,  and  in 
addition  the  iiitri<;  acid  is  much  more  f!<>rrosive  tliun  acetic  acid.  The 
isatne  metal  att^ichcd  to  diifcrcnt  acids  may  therefore  induce  very  dif- 
ferent effects,  in  the  one  case  acting  chiefly  as  an  astringent,  in  the 
oth«;r  as  an  irrit^uit  and  corrosive. 

The  chanicter  of  the  precipitate  formed  also  determines  to  some  ex- 
tent the  local  action  tif  the  motunic  salts.     Thus  the  salts  of  mercury 
■re  more  irritant  and  cornwivc  than  those  of  the  other  metals,  partly 
pefhaps,  because  the  pnH.*ipitat4'  is  l(«s  c<intinnmis  and  more  loose  and 
flalcy,  partly  iMxrause  it  is  s*>luble  in  excess  of  proleid,  and  therefore 
allows  the  unattached   mt>lecnles  to  pcnetrjUe  deeply,  while  the  lead 
nl  t^iimiuute  remains  on  the  surface  of  the  membrane.      The  metals  also 
diflfer  in  their  toxicity,  and  a  trace  of  mercury  is  sufficieut  to  kill  a 
o&ll,  whereas  a  larger  auToutit  of  U»ad  may  be  al^sorbe*!  by  it  without 
i«j  «jry. 

Jn  atldition  salts  which  have  a  very  strong  affinity  for  water  with- 
df^w  duid  fnim  the  cells  and  thus  act  more  strongly  on  them  than 
otVaers  which  have  not  this  character;  for  example  dried  alum  is  much 
m«:>re  destructive  to  the  tissues  with  wliich  it  conies  in  contact  than 
ttl  %a  ni  cttntaiuing  its  ordinary  water  of  crystallization. 

The  different   metallic   salts   therefore   vary   in    their    local    action 

wmchiu  wide  limits  —  from  the  formation  of  mildly  astringent  mera- 

br'xartcs  to  the  pro<luctif>n  of  widespread  necrosis  and  destruction  of  tissue. 

The  insoluble  salts  come  into  less  intimate  crmtact  with  the  tissues, 

at:»<3  have  much  less  cfftvt  ;  but  many  of  theui  are  slowly  formed  into 

alV>uruinates  and  may  then  act  as  irritants  or  astringents. 

The  most  powerful  cr)rn)sive  saltH  of  any  metal  are  those  which  are 
n^ost  rapidly  dissociate<l  into  ions,  that  is,  the  chlorides  and  nilratcs, 
pt*in'ide<!  tlioy  are  s»)luble.  The  sulphates  are  much  less  irritant,  l»e- 
ca«ise  they  are  hws  reailily  diss(H'iated,  and  [wrliaps  iRH-ause  the  sni- 
ptiuric  acid  may  fail  to  penetrate  the  cells  owing  to  its  being  leas 
v*>lBtile  and  its  anion  having  less  permeating  |Kiwer  than  that  of  hy- 
*"l\3chloric  or  nitric  acid.  (See  page  oJ^o.)  The  itKlides  ami  bromides 
•■^genenilly  reganlcd  as  less  irritant  than  the  chlorides,  but  are  lesB 
"^<|ui*ntly  used  and  less  well  kntiwn. 

The  least  corrosive  of  the  salts  of  the  metals  are  those  formed  with 

*"^e  slowly  dissociated  organic  acids,  such  as  the  acetates,  tartrates  or 

*^Ur>tcs,     When  these  are  unit^-d  with  a  metal  which  in  it.sclf  is  not  a 

Very  active  jx»ison,  such  as   lead,  they  arc  almost  purely  astringent. 

^U  the  other  hand,  the  acetate  of  silver  or  of  mercury  tends  to  be 

tTrilAnt  and  corrosive,  from  the  |>oisouous  action  of  these  metals  on  the 
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tissnes.  In  any  case,  the  acetates  are  less  irritant  than  the  correspond- 
ing chlorides  and  nitrates,  provided  these  are  equally  soluble. 

The  local  action  also  varies  in  the  same  salt  of  different  metals. 
Lead  is  the  most  astringent  of  the  metals  ordinarily  used  in  8olutioD| 
while  mercury  salts  have  little  or  no  astringent  action,  owing  to  their 
specific  poisonous  action  on  the  cells.  Iron  and  alum  approach  most 
nearly  to  lead,  then  copper,  zinc  and  silver,  and  at  a  longer  interval 
mercury. 

It  is  impossible  to  arrange  the  metallic  salts  as  either  astringents  or 
irritants,  because  in  every  instance  the  effect  varies  with  the  oonoen- 
tratioD,  and  with  many  other  features,  such  as  the  condition  of  the 
surface  to  which  they  are  applied,  and  the  quantity  of  proteid  with 
which  they  come  in  contact  before  they  actually  reach  the  living  mem- 
brane. 

Of  the  salts  in  common  use  the  most  astringent  are  lead  acetate  and 
alum  ;  the  most  irritant  are  the  perchloride  and  the  nitrate  of  mercury, 
the  chlorides  of  zinc,  copper,  tin  and  antimony,  while  the  chlorides 
of  iron,  sulphates  of  copper,  zinc,  iron  and  manganese,  the  acetates 
of  coppfer  and  zinc  and  the  nitrates  of  silver  and  lead  are  astringents 
when  applied  in  very  dilute  solution,  but  tend  to  irritate  and  corrode 
in  larger  quantities.  In  most  cases  the  effects  of  the  last  group  are 
made  up  of  a  mixture  of  astringent  and  irritant  action. 

The  insoluble  preparations  of  mercury  tend  to  irritate  and  corrode 
the  surfaces  to  which  they  are  applied,  but  the  insoluble  salts  of  the  other 
metals  are  generally  astringent.  It  is  difficult  to  determine  how  far  the 
so-called  astringent  and  protective  action  of  these  insoluble  substances 
is  due  to  the  formation  of  albuminates,  and  how  far  to  their  acting 
mechanically  as  protective  coverings  over  irritated  surfaces,  but  the 
latter  factor  is  undoubtedly  the  more  important  in  many  instances. 

The  precipitation  induced  by  the  astringents  involves  only  the  surface 
layer  of  cells,  bujt  the  membrane  formed  protects  the  part  from  me- 
chanical and  chemical  irritation,  and  thus  lessens  congestion  and  inflam- 
mation. In  addition  several  authors*  have  found  that  the  astringent 
salts  contract  the  vessels  of  the  frog's  mesentery  by  direct  action  on 
their  coats,  and  have  inferred  that  the  same  constriction  is  induced  in 
the  mucous  membranes,  when  they  are  applied  to  them.  Schutz' 
found  that  the  secretion  of  the  frog's  skin  and  tongue  is  lessened 
when  these  parts  are  washed  with  astringent  metallic  salts,  and  it  is 
quite  possible  that  when  these  are  applied  to  inflamed  membranes,  they 
may  a)nstrict  the  vessels  and  lessen  the  secretions,  as  well  as  form  a 
protective  membrane.  Wlien  irritation  is  induced,  the  vessels  of  course 
dilate,  and  congestion  and  exudation  follow. 

Tlie  local  action  is  due  to  the  formation  of  albuminate  compounds 
and  the  liberation  of  acid.  If  the  metal  be  applied  in  the  form  of  an 
albuminate,  this  irritation  is  almost  entirely  absent  except  in  so  &r  as 

'  Eosenxtim,  Rossbach's  Pharmakologische  Untersuchungen,  ii.,  p.  84.  HHrOy  Vir- 
chow's  Arch.,  cxvi.,  p.  220. 

2  Arch.  f.  cxp.  Path.  u.  Pharm.,  xxvii.,  p.  202. 
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the  poidonouA  action  of  the  metal  may  cttuso  neorotds  and  consequent 
trritation  onJ  inHammatioo.  The  doiilile  salts  of  the  metals  are  aim 
W  liable  to  irritate,  be<niuse  they  do  not  preeipilatc  nlbuniiu,  and 
their  dissociation  only  occurs  slowly  and  is  not  eonfined  to  the  i>oint 
of  application.  <.)f  coui*se  if  these  double  salts  are  decompostnl  by 
noi<U,  Hit  in  (he  stomaeh,  they  may  act  as  irritants. 

The  salts   of  the   heavy   metals  are  often    only  slowly   Absorbed. 
Altn'ury  is  again  an  exception,  but  even  merenry  does  nift  indiuv  gen- 
eral symptonvs  until  many  hours  afler  its  ndruinistration.     The  other 
ttJfdiU  given  by  (he  mouth  ptms  through   tlie  alimentary  canal  for  the 
most  part  unabsorbed.      In  recent  years  it  has  been  disputed  M'hethcr 
irotif  manganese,  copper  and  other  met^iLs  are  al)iiu)rbe<l   at  all,   but 
investigation  with  more  accurate  methods  has  shown   that  iron  and 
iiuing;nM»He  pass  into  the  tissues  from  the  alimentary  tract,  and  it  seema 
probnhlc  that  a  small  pn»iM>rti(m  uf  most  of  the  metals  finds  its  way  into 
tUe  blood.     At  the  same  time  there  is  no  question  that  llic  great  pro- 
portion of  most  of  the  metals  passes  through  unabsorbed,  and  is  devoid 
op    any  effect  except  from  its  locid   action.     It  is  probable  that  the 
««*«11  quantity  uikn'W  up  by  the  stomach  and  intestine  is  first  formed 
'^*tc»  proteid  com|w)unds  in  every   instance,   but   there   is   very   little 
*t*c»\va  as  to  the  process.     When  there  is  any  lesion  of  the  stomach  and 
*'*t«»tine,  and   |>articnlarly  when   the  salt  indtices  irritation  and  con- 
8*6^3^11011  itself,  much  more  of  the  metal  is  taken  up  than  by  the  normal 
**!>■  tlielium.     Rut  evt*n   in   the  most  favorable  circumstances  little  of 
***^  metal  is  absorlxnl,  and  in  acute  poiw>ning  the  symptoms  arise  from 
"^«5  local  irritation  and  corrosion,  and  only  to  a  smaller  rxtcnt  from 
■«•  general  action  of  the  metal. 
2f  the  abs«»rptit»n  of  the  metiils  is  slow,  their  Excretion  progrossea 
n  more  gradually,  and  p*:|H^ated  administration  leads  to  their  accum- 
?^»*tionin  the  tissues  and  thus  to   intoxication.     The  metal  8e<Mns  to 
=*.ve  the   blootl  very    rapidly,  and   to  liecome    stored  up  in   various 
IIS,  chiefly  the  liver,  to  a  less  extent  the  spleen,  kidney,  and  bone 
mow.      While  s<>mo  of  the  metal  is  depositcfl  in  the  liver  and  other 
IS,  another  part  is  excrcttrd,  for  the  most  part  along  the  alimentary' 
Thus  it  is  found  in  the  saliva  and  gastric  secretion,  to  a  much 
"^•^^r  amount  gencmlly  in  that  of  the  lower  pjirts  of  the  snudl  intes- 
**  ■^e,  in  the  «ecum  and   in  the  large  bowel,     A  wjmparativcly  small 
*"**iount  esca|>es  with  the  urine.     Sonic  metals  have  licen  detected  in 
^'^^ly  small  <|uantity  in  the  milk,  and  there  is  reiuson  to  sup]Ktse  that 
••^^^OM  are  eliminated  by  the  other  cutaneous  secretions. 

The  General  Action  of  tlie  heavy  metals  in  man  is  often  elicited 

^**ly  by  iliL'ir  prolonged  ingestion,  but  it  has  been  studied  in  animals 

*^*>'"  the  intnivenous  or  sulM-utanoous  injection  of  the  albuminates  or  of 

'-■^e  double  aaiiSj  which  do  not  pn-cipitate  the  proteids.     The  ordinary 

^^•Its  cannot  be  used,  because  the  precipitated  albumin  of  the  blood 

^■in.ses  emUilism,  and  this  obscuivs  the  s\nuptoms.     The  symptoms  of 

•*5ute  metallic  poistming  clifited  thus   in   animals  generally  n'senible 

^rly  closely  those  of  chronic  poistming  in  man.     Of  course  the  ana- 
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tomical  lesions  induced  in  tbe  latter  by  the  constant  presence  of  small 
quantities  of  metals  in  the  nutritive  fluids,  can  only  be  induoed  (u  s 
limite<l  extent  in  such  experiments. 

Even  when  the  heavy  metals  are  injected  into  the  blood  Id  owjad- 
erahle'  quantity,  tiie  symptoms  are  often  late  in  appearing,  In  the (W 
of  ahtminium  only  after  several  days,  so  that  th(.>  ^lownt^s  of  theib- 
Borption  from  the  intestine  is  not  the  only  explanation  of  tike  delar  io 
the  onset  of  the  intoxication. 

The  general  symptoms  of  metallic  poisoning,  as  distinguiahi'd  frotn 
those  flue  to  the  local  action  at  the  point  of  application,  ari^e  cbirfv 
from  the  central  nervous  system,  and  from  the  excretory'  passages— 
the  alimentary  canal  and  the  kidney.  Metallic  poisoning  al\i-a)'«  io- 
duces  dirfturbance  of  the  Stomach  and  Intestine,  manifested  Ia*  lti*eof 
appetite,  pain  and  discomfort  in  the  alxloiut'ii,  uau-^ea,  vomiiiog  sod 
purging.  In  some  cases  no  lesion  of  tlie  canul  is  observed  p«>&t  niortera, 
but  in  the  great  majority  congestion  aud  swelling  of  the  mucous  man- 
branes  of  the  stomach  and  intestine  is  seen,  or  the  whole  surface  mtj 
be  covered  by  a  diphtheritic  membrane  comjKJsed  of  oeoroe<'d  Cflls 
and  inflammatory  exudate.  Beneath  this  htemitrrhageH  wrur,  andif 
the  animal  live  long  enough,  ulcers  are  formed,  so  that  the  whole  wm- 
dition  can  scarcely  be  distinguished  from  that  of  dysentery,  ^^nw 
metals  act  strongly  on  the  mouth  and  salivary  glands,  salivatiun  lieiog 
one  of  the  earliest  features  of  mercurj'  pois<jning.  The  lining  mcm- 
braue  of  the  mouth  U'wimes  congested  aud  inflamed,  and  numeroos 
shallow  ulcers  are  formed  in  it. 

The  heavy  metals  thus  st»em  to  have  a  specific  action  along  llw 
alimentary  tract  tpiite  iudoj>ondent  of  the  locid  action  induced  vlwn 
they  are  swallowed.  This  is  connected  with  their  excretions  along  it, 
although  it  seems  inadvisable  in  the  present  state  of  knowledge  to  !«J 
that  they  irritate  the  digestive  tract  because  they  are  excreted  in  it. 
One  or  two  metals,  notably  lead,  cause  constipation  and  colic  wh^n 
they  are  absorbetl  into  the  blood,  but  under  certain  ci reum stances  t^O' 
too  induce  jiurgution. 

AuoLlier  orgau  wliieli  sufferK  from  the  circulation  of  metals  in  the 
blood  is  the  Kidney.  Comparatively  tittle  of  the  metal  is  cxcrot«<li" 
the  urine,  hut  it  is  found  tliat  most  of  this  class  act  as  diuretics  in  so»»ll 
quantities.  Somewliut  larger  doses  irritate  the  renal  epithelinin,  floti 
albumin  apjK'ars  in  the  urine,  along  with  casts  aud  in  seven?  cas^ 
blmid  cells  aud  luemoglobiu.  If  this  irritation  of  tlie  secretory  cfll^ 
be  long  oonlintied,  it  sets  up  a  s'-Cfjudary  inflammation  of  the  intersti- 
tial tissue,  and  cirrhosis  of  the  kidney  results. 

The  Circulation  is  <lifl'ereutly  affected  l>y  different  metals,  or  at  aoj 
rate,  the  effects  on  the  heart  and  vessels  are  described  differently  ^J 
the  writers  on  the  subject.  "N'ery  often  the  heart  is  affected  only '1 
the  last  stages  of  poisoning,  aud  it  is  impossible  to  determine  how  ror 
its  failure  is  due  to  direct  action,  and  how  far  to  the  general  disar*^*^ 
of  the  nutrition.  The  blood-pref*sure  invariably  falls  towards  tho 
fetal  issue  of  the  iutoxicutiun,  aud  as  a  general  riUe,  a  slow  &1I  >5 
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from  tlie  beginning.     This  fall  in  bUwd-pressure  has  been 

to  the  heart   action,  to  depression  of  the  va«o-motor  centre, 

to  [landysis  of  the  splanchnic  terminations  in  the  mesenteric  ves- 

It  may  doubtless  be  indnced  by  diflferent  factors  in  the  different 

of  intoxication,  but  there  is  no  quei^tion  that  it  ia  partly  due  to 

the  dilatation  of  the  vessels  of  the  intestines  and  stomach  from  the 

Btnmation  of  these  organs. 

Several  metals  have  been  found  to  lessen  the  alkalinity  of  the  Blood 
bv  increasing  the  amount  of  lactic  acid  in  it,  but  this  docs  not  seem 
a  a>mmon  feature  in  metallic  poisoning.  The  general  malnutrition 
/Kirn  the  gastro-intestinal  action  renders  it  impossible  to  determine 
nhothor  the  metals  alter  the  metal>rili>m  <»f  the  body  through  dirwtly 
affcftitig  flic  cells,  but  it  is  nut  inipmhable  tliat  this  is  the  case,  for 
'irt*  loss  of  weight  is  often  too  rapid  to  be  ciplaincil  by  the  starvation 
aidtie. 

The  Central  NervouB  System  is  always  affected  more  or  less  by  tho 

/Tej^nire  of  the  metjils  in  the  blcMtd.      As  a  general  rule,  the  symptoms 

^rt*  a  mixture  of  those  of  stimulation  of  certain  divisions  with  (hose  (»f 

p&t-alysis  of  others.     Sevenil  metals  iiichioe  disturbance  of  the  psychical 

Of^ratres,  manifested  in  delirium,  liuUuciuatious  and  mania,  or  in  stupor 

'•ti«3  ooma.     CVjnvulsions  of  all  forms  indicate  that  the  motor  areas  of 

X\\<y   brain,  the  l)asal   gjinglia  and  the  spinal   conl  are  affected;  thus 

e{>i  leptiform  convulsions,  chorea,  clonic  and  tonic  spasms  occur  from 

ni**tallic  poisoning.      In  several  instam^^s  actual  lesions  of  the  brain 

oe^lLshavr   iK'fu   shown   to   be  caus*Hl   by   the  ing*!stion  of  the  metals, 

Tfr»«y  often  cause  general  weakness,  or  paresis  of  certain  groups  of 

lAsoIcs,  aufl  in  addition  to  their  specific  action  on  the  nervous  centres, 

lK*^y  may  induce  a  peripheral    neuritis  (lead).     The  mus^-les  do  not 

m  to  be  so  readily  affected  in  general  poisoning,  although  a  solution 

of     a  non-irritating  metallic  salt  generally  jmralyzes  muscles  sus|K'mied 

\tk    it. 

Therapentic  Uses. — In  therapeutics  only  mercury  and  iron  are  largely 
eTO|iluyed  lor  their  effects  after  absorption,  while  the  others  have  a 
Ofx^re  iir  less  extensive  use  for  their  local  effects  as  astringents,  irritants, 
<*«istica  or  styptics.  Iron  is  not  prescribed  for  its  general  action  on  the 
0*15*08,  but  to  supply  the  place  of  foo<l-irous  in  the  formation  of  hae- 
"^"globin.  MeriMiry  is  used  for  its  spccitic  effect  in  syphilis,  and  some 
*>f  ith  preparations  h;ive  Ijcen  adviso*l  as  diur*»tics.  Xot  infnM|uently 
"**••  local  action  of  the  heavy  mctids  is  sup|>osed  to  be  induced  ai\er  ab- 
^^iption,  and  prescriptions  are  met  with  containing  lead  or  iron  which 
J''*  intended  to  stay  hiomorrhage  from  the  lungs  or  from  the  kidneys, 
itttuj^lit  to  be  recognized,  however,  that  Uinl  or  iron  is  absorbe<l  only 
lOrnitiiite  quantities,  and  that  they  have  no  predilection  for  the  bleed- 
•**?  poiatj4.  If  they  were  capable  of  c<«igulating  the  blood  after  ab- 
**'l*tion,  and  thus  stojiping  hiemnrrhage,  they  would  certainly  do  so  in 
™^  |><jrtal  circidation  and  would  not  be  t-arrii-d  to  the  lungs  or  kidney 
b».*U»i»  |),(»y  actcil.  As  a  matter  of  fact,  however,  they  never  reach  the 
******=Ki  except  in  forms  in  which  they  have  do  astringent  or  styptic  action. 
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Many  of  the  metallic  salts  are  powerful  anddeptics^  partly  no  4oqU 
from  their  coagulating  the  proteiils  of  the  microbes,  but  aLw  fn)tn  a 
specific  poisonous  action  on  them,  which  is  quite  distinct  fmai  Liicir 
prcM'ipitatinjr  acti<»n.     As  a  general  rule  the  antiseptic  pitwcr  varies 
with  the  amount  of  dissociation  of  the  .salt,  that  is,  with  the  nuinktof 
metnllie  ions  present  in  the  solutions,  although  the  undissociated  mole- 
cule aUo  .««eeuis  to  have  some  influence,  aud  a  salt  which  is  dissociaUd 
with  difficulty  may  in  some  instances  make  up  for  (his  drawliackk 
the  more  intense  toxicity  of  th**  metal.'     The  most  widely  use<l  inelullic 
antiseptics^  are  the  mtTcuriai  salts,  in   (tartieular  the   p(*rehl<iri(Je,  but 
other  metals  have  recently  begun  to  play  a  more  important  role  in  sur- 
gery than  hereti»fore.     Almost  incredibly  small  quantities  of  wmcof 
the  metuls  have  been  found  to  be  rapidly  fatal  to  some  of  the  algWjtbe 
bacteria,  and  the  infusoria-     Thus  one  part  of  the  perch  lorido  ol'mpr- 
eury  in  one  million  parts  of  water  kills  spirogyra,  one  of  th(*  simpkr 
algro,  and  water  distilled  from  copper  vessels  is  rapidly  destructive  t* 
it.      Isn&el  and  Klingmann~  hung  small  pieces  of  copper  foil  in  viter 
for  a  few  hours,  and  then  diluted  this  water  a  hundred  times  and  foQwl 
it  still  poisonous  to  many  lower  organisms.     Silver  was  less  nctiveaiwl 
lead  still  less  so.     The  amount  of  cop|K*r  in  the  original  solution  wfls 
tix)  small  to  be  recognized  by  any  chemical  test,  much  more  so  llicDUi 
the  further  diluted  portion.     These  results,  which  were  first  ohtflim-d 
by  Naegcli,  and  which  have  been  confirmed  by  other  nbs*»rvers  besidw 
Israel  and  Kllngmann,  indicate  that  certain  lower  organisms  areuJticii 
more  Hcnsitive  to  the  action  of  copper,  and  probably  of  other  metals, 
than  the  more  highly  organized  plants  and  animals.     Further  exami- 
nation of  tht^r  effects  as  antiseptics  in  medicine  and  surgery  is  certainly 
desirable.    Other  curious  effects  on  the  growth  of  bacteria  have  U-euoW 
Berve<l  by  Bohon  and  Brown,^  who  found  that  a  piece  of  metal  pl»td 
on  a  culture  of  microbes  in  gelatin  causes  curious  alternating  ww* 
of  intense  growth  and  of  sterility.     These  observations  have  rcctinly 
been  extended  by  Thielo  and  Wolff,*  who  state  that  silver,  mercury  tiK" 
copper  plates  prevent  the  growth  of  inien»b*^  owing  to  minute  traces 
of  these  metals  being  dissolved  in  the  medium.     Several  oilier  benvv 
metals  —  iron,  leatl,  zinc,  tin,  gold,  platinum  and  aluminum  —  prove** 
devoid  of  action.     A  practical  application  of  this  iMictericidal  action"* 
the  metals  has  l)een   made  by  the  introduction  of  solutions  of  ciiII»H* 
forms   of  silver   and   mercury    as   antiseptics.      St>me  of  these  ooll"*" 
metals  have  prcn'cd  destructive  to  simple  organisms  in  extremely  difu** 
solution,  wliile  in   more  concentrated  Jbnns  they  are  inferior  to  J>t 
ordinary  salts  of  the  metals. 

'  Kroniff  u.  Paul.     Ztschr.  f.  Ilyeriene,  ixr.,  p.  1. 
^Viirliow's  Arcli.,  cxivii.,  p.  20;V 

'Transacuons  of  the  Assoc,  of  Aiuer.  Pliysicians,  xii.,  p.  488. 
*Areh.  f.  Hygiene,  xxxiv.,  p.  43. 
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I.     ANTIMONY. 

Th<?  preparatioas  of  anlimouy  played  a  rauch  more  imi>ortaut  role  in 

thcrap«?utic.s  in  the  earlier  part  of  last  century  than  at  the  present  time, 

ami  promise  in  be  usril  to  a  still   more  limited  extent  in  the   future. 

In  many  respects  they  resemble  arsenic  in  their  effects,  and  may  be 

Iiwked  upon  as  fi>rming  a  link  between  it  and  the  salt^  of  the  otiier 

Ur.wy  met:ds.     The  salt  most  commonly  used  is  ttirlnr  cmHiCf  or  the 

d.iui)le  tartrati*  of  antimony  and  potjLssium    [K(8bO)C\H,0,.].     The 

effects  of  this  salt  wrre  at  one  time  l)eHeve<l  to  1m!  due  in  part  to  the 

potassium,  but  have  Uwn  shown  to  be  those  of  the  antimony  alone. 

Alany  other  c<impounds  of  antimony  have  l>een  used  in  theni[>eutic8, 

an<i  several  others  are  still  found  in  the  pharmaeopo?ia.s,  but  they  differ 

|f*>r  most  part  from  btrtar  emetic  only  in  the  rapidity  of  their  actioD. 
Tartar  emetic,  like  other  double  saltfl,  is  not  corrosive,  because  it 
'ioos  not  precipitate  proteids  except   in  auid  stdutions,  in  which  it  is 
fJooomposed  into  simpler  forms.     The   chloride   of  antimony,  on  the 
*'t.Ker  hand,  readily   dissociates  tlie  antimony  ion  and  if*  a  powerful 
caiostie  when  npplie«l  to  the  skin  or  the  mucous  membranes. 
liVhen  rubbed  on  the  Skin,  however,  tartar  emetic  causes  re<lues3, 
o'icl  a  papular  eruption,  which  later  passes  into  vesicles  and  pu.stules. 
I       *^     the  application  be  further  persisted  in,  these  pustules  may  become 
Bc~>«iffuent  and   form  small  abscesses,  and  later  wiuse  extensive  necrosis 
^Br»vl  ulcerutiou  of  the  skin.    The  |K)intii  of  origin  of  the  papules  are  tJie 
of>«?ning8  of  the  cutaneous  glands  ami  the  hair  follicles, 

SSymptoms.  —  Tartar  emetic  has  a  slight,  acrid  bis te,  and  in  very 

8**^ all  (|u:intities  causes  no  symptoms,  except  some  perspiration.     In 

^K0<^>  rnt'what  larger  doses  its  ingestion  is  followe<i  by  nausea  and  vomiting, 

~*^i  th  v*;ry  marked  deprt^sion  and  the  usual  accompaniments  of  cmesis, 

»*-*<3h  as  salivation,  profuse  perspiration  and  acceleration  of  the  pulse 

(**^ii3  Ajximorphine,  page  235).      In  antimonial  jjoisoning  the  vomiting 

i«      -violent  and  continuous,  the  ordinary  contents  of  the  stomach  IxMng 

^^  «*i?it  evacuale^l,  and  then  a  slimy  mucous  fluid,  which  may  later  con- 

^B*^%  ti  hlodd.      In  S4^uue  ciises   it   is  said    that  no  gastric  symptoms  are 

H^^:^«erved,  but   these  must  be  exceedingly  rare.     The  vomiting  is  ac- 

^B^^V[)j>anit.'(l    by  profuse  watery  diarrhten,  resembling   tti:)t  of  arsenical 

^H^^^is«ning,  and  by  great  muscular  weakness  and  eolliipse.     The  pulse 

'^^^-xiy  be  s*»mewlmt  accelerated  at  hrst,  but  is  weak,  and  later  becomes 

^  *  «~>wand  irregular.     The  skirj  is  cold  and  covered  with  a  clammy  |K?r- 

^  W"*iralion,  and  cyanosis  of  tlic  face  and  extremities  is  generally  marked, 

*-    %.w  respiration   is  slow  and   may  l»e  irregidar,   the  voire  weak  and 

**  ^Osky,  the  tem|K^rature  is  depressed,  and  the  patient  falls  into  a  coma- 

^■'^^^•se  condition,  which  deepens,  until  after  a  few  wpak  convulsive  move- 

^'^^^nts  the  rpspiration  ceases.     The  urine  is  sometimes  increase*!  in  the 

*^*^^'nuing  of  the  |w»is<>ning,  but  later  may  become  scanty  or  entirely 

^^ppresseil.      It  often  conrains  albumin. 

The  minimum  fiitiil  <lnso  of  tartar  fmetic  is  doubtful,  as  the  greater 
l*«rt  of  the  poison  is  generally  removed  by  vomiting.     Recovery  has 
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been  observed  after  very  large  quaotittes,  while  id  other  cases  O.l  G. 
(2  grs.)  has  proved  fatal. 

Chronic  autimonial  poi^xiiiif;  U  very  rare  and  (litricuU  to  diagnose.  Xtkt 
Bymptouirt  aredepre^ion,  headacbe,  ^ddincasauil  confufiion,  drowidDC<« aod 
iDdiiDtinct  sight.  The  appetite  is  had,  and  the  patient  compluius  gf  hravi- 
ncss,  di.-«comrort.  or  pniu  in  the  region  of  the  stowiu^h,  geiienil  \% I'll kut^s nod 
exhaustion.  I'rofnse  diarrh<pii  tuny  be  present,  rapid  loss  of  He*h,  nHiuml- 
nuria  and  finally  rollapM*.  I'u.stulur  eruptions  luive  Im^u  oluened  fhiinttm 
prolonged  internal  use  of  tartar  emetic. 

Action.  —  Many  of  the  symptoms  of  antimonial  poii^nin^,  the  iiro- 
fuse  |>er8piratiou,  salivation  and,  to  some  extent  at  lea^^t,  the  «>IU[i9e, 
arc  manifestly  secondary  to  the  Emetic  Action,  nod  the  cause  of  tk 
vomiting  has,  accordingly,  been  repeatedly  investigated.  It  may  lie 
Htuted  at  ouce  that  some  authors  attribute  the  vomiting  to  a  eciitml 
action,  but  that  the  majority  are  inclined  to  regard  it  as  mainly  due  to 
irrit'ition  of  the  stomach.  Ijarge  doses  of  antimony  affoot  liie  Mnraacb 
and  bowel  in  the  same  way  as  arsenic,  inducing  bypeneniia  and  swtD- 
ing  and  loo,sening  of  the  epithelium,  but  ftranller  quantities  such  a^are 
tiseil  in  thenip<'Utics  do  not  H<M*m  to  cause  any  ol)vious  lej^ion  It  is 
found  that  tartar  emetic  injected  hyjxHlprmieally  or  intravepinislif 
caase-s  natisoa  and  vomiting,  l>ut  mnrli  larger  quantities  are  r«(tiirwi 
than  are  requisite  when  the  drug  is  given  by  the  mouth.  Tliis  indi- 
cates u  direct  action  on  the  stomach,  ratiier  than  on  the  centre  fof 
vomiting,  and  this  view  is  supported  by  the  fact  that  antimony  b 
found  in  the  st<im:icli  and  intestine  when  it  is  injected  intravenously. 
The  obvious  explanation  would  therefore  seem  to  be  that  antiintmy 
given  by  the  moutb  acts  as  a  gastric  irritant,  and  causes  vomitings 
while  wheu  it  is  injected  intravenously  it  is  carried  ^^  the  sl^nwch, 
and  again  eausos  irritation  with  the  same  result.  The  whole  of  ll>e 
antimony  Hwallowed  acts  at  once  oii  the  stomach,  while  only  a  part 
of  that  injected  exerts  its  action  on  it,  and  larger  doses  are  therefore 
necessary  when  the  poison  is  administered  in  the  latter  way. 

TliiH  pxplanji!i(ni  is  o]»po«ie(l.  however,  to  an  observation  maile  by  OrfiU. 
who  foiiud  that  when  the  stomach  was  excised  and  replaced  by  a  dead  bUtl* 
der,  tartar  L-mctic  still  i:«u.sud  the  uiovfuicuts  of  vomiting,  which  cvci 
expresiWHi  the  Huid  in  the  bladcier.  Of  course  no  antimony  could  beexcrrtwl 
into  the  bladder,  and  no  irritation  or  reflexes  could  arise  from  it.  Agfti» 
M08S0  fitatea  thiit  when  the  vagus  npr\'es  are  cut  below  the  diaphragm,  t»r- 
tar  emetic  fails  to  causi.'  vomiting  when  it  is  swallowed,  but  large  dowshive 
their  usual  effect  when  iujected  into  a  vein.  These  ol)4*ervatianaappe*'** 
first  sight  to  indicate  that  tartar  emetic  acts  centrally,  hut  it  bus  beensug' 
gestcd  that  although  the  poison  could  not  act  on  the  stomach  in  Orf'** 
experiment  it  might  cause  vomiting  by  uiiuing  irritation  of  some  other  f*'* 
of  the  alimentary  tract.  As  rpgards  Mosso's  results,  the  relation  of  ^ 
vagus  nerve  to  vomiting  is  ftill  so  otweure  that  it  is  dangerous  to  dm*  *d.v 
inference  from  such  experiments.  On  the  whole  the  evidence  goesloulw* 
that  the  emeaia  is  due  to  irritation  of  the  gastric  mucous  membrane  by  **** 
antimony. 

The  action  of  tartar  emetic  on  the  Stomach  has  l)een  explained  b^ 
supposiag  that  the  aeid  gastric  juice  decomposes  the  double  salt  vbA 
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that  the  chloride  thus  formed  acts  as  a  corrosive  iu  the  sumo  way  as 
the  chlorides  of  the  other  heavy  metal.s.  This,  however,  fails  t4>  ex- 
pliiln  the  fact  tluit  the  same  elfccts  are  met  with  in  the  intestine,  in 
which  no  such  acid  fluid  exists,  and  that  vomiting  is  induced  readily 
when  the  gastric  juice  is  neutral  in  reaction  (Mosso).  A  more  prob- 
nlile  explanation  is  that  antimony  has  a  specific  irritant  eifeet  nn  ihe 
muooiis  raemljranes  of  the  stomach  and  bowel,  similar  to  that  of  nr- 
■enic.  The  irritation  is  (greater,  however,  and  is  induced  more  rapidly, 
w  tlmt  vomiting  is  causetl  much  more  e:t«ily.  At  the  same  time,  an- 
timony is  more  slowly  absorbed  than  arsenic,  so  that  its  action  re- 
maiits  conlined  to  the  stomach,  and  as  the  vomiting  removes  much  the 
greater  part  of  the  p«jison,  tlie  intestine  remains  unharme<l  except 
when  large  quantities  have  been  swallowed  and  the  emesis  is  from  any 
cau:»e  insufficient.  In  chronic  jwisoning  ulcerutiivu  of  the  small  intes- 
tine is  said  to  occur,  especially  an.>tuid  the  solitary  follicles  and  Pey- 
ei's  patclu^. 

The  ttcrelemtion  of  the  Pulse  seen  nfler  tartar  emetic  U  due  for  the  most 
\uifi  U>  the  emetic  action  und  not  to  the  ubsi.>ri>tiun  uf  the  drug.  Wtieu  iii- 
j<H?ted  into  a  vein  in  aiiirauls,  auliinuiiy  (luimft}  a  slow  and  weak  pulse, 
<Uthough  tliU  ifl  prfHXMied  in  some  cases  by  slight  acceleration.  The  action 
is  n  dirtM'l  one  on  the  cardiac  muscle,  asmayhu  Been  byperfUrting  an  excised 
fK>g's  heart  with  bluoti  coiiUiinhig  sumo  turlur  emetic.  The  cardiac  nerves 
<lo  not  seem  to  be  atleetcxl. 

The  Blood'pressure  fulls  throuf^hnut  the  experiment,  partly  owing  to  the 
WeakneBs  of  the  heart  but  chiefly  Kwing  to  an  action  on  the  vascular  meeha* 
tUsm  similar  to  tlmt  describeil  under  arsenic.  Here  ugain  it  is  duubttUl 
whether  the  effect  is  due  t<]  the  vaso-motor  centre  or  to  the  iwripheral  nerves 
utd  muscle  of  the  vessels,  but  the  latter  are  certainly  involved,  for  stimula- 
tion of  the  •;p'iiial  (»ord  fails  to  contniet  the  mesenteric  vcawIh. 

The  Respiration  is  often  slightly  accelerated  at  first,  and  may  be  shallow 
and  irrc^ruhir  from  the  iiauHca  ;  but  in  i^a-scs  of  poisoning  it  Wh-'oiucs  slow  and 
l&bored,  ami  eventually  ceases  alon^  with  the  heart.  The  respiratory  centre 
is  perhap-*  affe^'tcul  directly  to  Kome  extent,  hut  the  changw  in  the  breathiuf^ 
are  probably  duo  for  the  most  part  to  the  disturbance  of  the  circulation,  and 
to  the  action  on  the  alimentary  canal.  The  statement  made  by  some  of  the 
older  writers  that  antimony  camH'd  hepatizjition  of  the  lungs,  has  been  shown 
to  be  incorrert. 

The  Central  Nerrons  System  is  tlepres^'d  by  antimony  in  the  frotf, 
8pontane<MM  movementn  pcrsisling  afl<.«r  the  reflexe-i  have  disappeorea, 
acctirdinii!  to  some  authors.  This  has  l)een  interpreted  to  mean  that  antimony 
paralyxes  the  sensor*'  part  of  the  e*>rfl  or  itfl  connection  with  the  motor  cell, 
while  Icnviiitr  the  connections  bi'tween  the  hitter  and  the  brain  i u tact  ;  but 
the  statement  itself  requires  further  conflnnation.  The  paralysis  is  due  to 
the  direct  action  of  antimony  on  the  ner\'e  cells  and  not  to  the  disordered 

rculation,  for   frogs  poi^tned  with  antimony  are  paralyzed  sooner   than 

cr»  in  which  the  circulation  is  entirely  destroyed  by  the  excision  of  the 

The  effect  of  ant  imony  on  the  central  nervouij  system  of  the  mammals 

more  ot^K-^ure,  for  it  is  tmi)ossilile  to  ast^rtain  how  far  the  chiinpes  are  due 
to  direct  uctiou  and  how  far  they  are  attributable  to  the  distnrlmnce  of  tlie 
circulation  and  (he  alimentaiy  canal.  There  Is  reoson  to  believe,  however, 
that  the  ^M>ij*on  depre»4cs  to  some  extent  the  nerve  cells  here  also.  Accord- 
ing U»  Schalfer,  the  cells  of  the  spinal  cord  nnder}^)  a  defeneration  marked 
by  the  disappearance  of  the  chromatin  in  chronic  antimonial  |)oisoniug. 
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The  Depression  and  Collapse  •>('  autimouy  (loisouinjf  ure  ouiahI  lir  Oif 
giwtric  ett'ectP  and  the  slowed  eirculftiion  acting  oi»  the  central  nervoufsj*- 
tein,  und  not,  ns  i.s  sometimes  stated,  to  the  peripheral  nerve*  and  miwtlcJ 
being  HiFceted.  The  voluiitury  inuMcular  tissue  is  undoubtedly  wenkeowitc 
Boiue  extent  in  the  frog,  but  only  after  large  doses  and  at  a  late  8tag«.  Thf 
muscles  then  contract  somewhnt  more  weakly  than  normally,  and  arc  mow 
readily  fatijfucd. 

Many  of  the  Secretions  are  increased  by  tartar  emetic,  bucIi  as  the  (ht- 
(tpirution,  the  saliva  and  the  uuuiou!^  Keereliou  of  the  respiratory  tract.  ITitt 
itt  not  due  to  any  direi'l  action  on  the  glands,  for  the  same  efleet  is  imiumi 
by  anything  whicli  causes  vomiting.  (8ee  Apt>morphiue,  {>age  2.t5.)  TV 
urine  is  sometimes  increased  by  auti  jiony,  at  other  timers  it  is  dimuiii>fafd or 
FUpprcAsed.  This  is  perhajts  due  to  a  preliminarj-  f^timulatinn  of  the  rcjuil 
epithelium,  which  pas-nes  into  acute  irritation  when  much  of  the  druxisHb- 
sorlKMl.     Tiie  a<-tioii  ou  thu  urimirj'  secretion  va  not  very  marked,  buttcvt-r. 

Tlic  irritant  action  of  tartar  emetic  on  the  Skin  when  it  is  applied 
to  it  in  ointment,  has  been  explained  by  the  double  salt  being  broken 
np  hy  the  acid  formed  in  the  <leconiposinp^  secretions,  and  an  analogt 
ban  Ik'ch  drawn  between  it  and  the  irritant  ofTect.s  in  the  stomatb.  In 
support  nf  this  it  is  said  that  the  addition  of  alkalies  to  the  tartar 
emetic  ointment  prevents  the  fonnatiun  of  pustules.  This  does  n'>t 
eeera  a  very  happy  explanation,  nlthouj^h  it  aecounts  for  the  forn»ati'«i 
of  pustules  at  the  openings  of  the  skin  j^lands.  The  doidde  «»lliiof 
other  metals,  however,  wliich  would  form  irritauts  in  the  same  was 
tartar  emetic  have  m*  special  eflect  on  the  mouths  of  tlie  gland  dtictfi. 
Nnnn  finds  a  s|>ccilic  effect  on  the  Hkin  of  the  frf»g  when  tartar  cnietic 
is  injected,  Kimilar  to  that  induced  by  arsenic,  but  more  rapid  in  its 
onset,  and  tiiiB  may  explain  the  ]»ns(nlant  action.  A  pustular  cnip- 
tion  is  said  to  be  iiuhjfvil  in  H<mie  c^wes  when  antimony  is  taken 
internally.  Pustules  also  occur  in  the  resophagns  when  tartar  emftic 
is  swallowed,  and  irritation  of  the  month  and  swelling  of  tlie  Ope 
liave  been  observed. 

The  efTeots  of  antimony  on  the  Nutrition  have  not  been  so  caifl^Hf 
examined  as  those  of  arsenic,  hut,  us  far  as  is  known,  present  ft  stroajf  a- 
seiiibianee  to  them.  Thus  fatly  dt^generation  of  many  organs  is  induitni  '•>' 
its  prolonged  use,  the  nitrogen  of  the  urine  is  found  to  t>e  increased,  iui»!  l''*' 
glycogen  disappears  from  the  liver.  Verj'  snuill  quantities  of  antirooiS' 
given  repeate<IIy  are  said  to  increase  the  glycogen  and  fat  of  the  liver,  vfltli* 
out  apjmreiitly  aUeriug  the  nitrogen  of  the  urine. 

The  full  in  Temperature  aflerantimonyisoftcn  verj* considerable,  amount- 
ing in  animals  to  ()°  ('.  in  the  eoui'se  of  a  few  hours.  It  is  explaine*!  b>"i* 
slowness  of  the  circulation  and  by  the  general  depression  and  eollfti«e!in« 
profuse  persfiiration. 

Antimony  is  Absorbed  from  the  skin  very  slowly,  and  from  the  stom»t» 
and  intestine.  It  passes  into  tlie  tiKsues  much  more  gradually  than  ar*eo*''t 
bowever,  and  its  action  on  the  stomach,  can.  therefore,  be  elicited  *iUit>'[* 
danger  of  its  ciuising  general  symptoms.  A(\er  absorption  anttmunv  " 
found  in  considerahle  quantity  in  the  liver,  which  stores  it  up  for  flo""* 
time.  Tt  is  excreted  into  the  stomach  and  intestine,  in  the  urine,  and,  1*  " 
said,  in  the  bile  and  milk. 

The  Chloride  of  Antimony  (SbCl,)  diders  from  t^irtar  emetic  chiefly  in  )3fW 
O  violent  corrosive,  which  comhinta  to  form  albuminates  and  thus  acta  Uk* 
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ihei*  Anltft  of  tlic  bravy  iiu'tHN,  uihI  also  tviidK  to  wilhciniw  fluid  from 
j|K!r6ci»l  luwue-s,  whni  it  iw  a]i|>)ic4i  in  a  coiueiitnilod  t^olutinn.  The 
compounds  of  autimoiiy  inct  like  the  double  tartrate,  excpy)t  timt  infwrt.  of 
are  much  slower  in  ihrir  ettecLs.  Stibinc  or  nntiinonitirL'tt^Ml  hydrogen 
)  diflers  entirely  from  ursine  (Aj^H^)  in  its  uetion,  nhich  is,  however, 
y  pnisourius.  It  h:is  very  rarely  been  examined,  cxce^ptin  an  impure  form, 
iploiua  are  iiuiM'rleetly  known. 
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rtuovii  KT  PoTAssii  Tartras  (U.  S.  p.),  AvrtMONrTTM  Tabtaratum 
),  tiirUir  iMuetir,  tarUnited  untimoiiy  ((KSl)OCJI,0„),  -^  HjO)  fonns 
SMf  transparent  t:rjstal(»,  or  a  white  granulated  i>owder,  without  odor, 
ftving  ii  sweet,  aft^rwanU  diKugreeable,  inetallic  tast*",  s^oluble  in  17 
)f  culd  wuler,  insoluble  in  ukoliul.  Dose  its  a  diaphoretic  0.002-0.008 
-\  gr.),  iw  ttii  emetic  0.03-0.1  G,  {A-2  ^r.). 

ITM  Antimonii  (IT.  S.  p.),  ViNUM  AvTiMONlALE  (B.  P.),  4  parts  of 
emetie  in  one  Mionsand  (U.  S.  P.),  in  875  parts  (B.  P.).  0.0-2  c.c. 
mins.),  diaphoretic  ;  4-15  c.c.  (1—1  drs.),  emetic. 

Xkv  emetie  i^  also  eontained  in  the  coraf»ound  syrup  of  squills  IT.  S.  P. 
monii  Oxidum  (II.  P.),  )8b,0j,  a  heavy,  gray,  insoluble  and  tasteless 
r.     0.05-0.1  Tf.  (1-2  grs.). 

feAt^l\moHi^^fiM  (B.  P.),  J:Ln]cs*  powder,  consistH  of  antimony  oxide  1  part 
\  of  phosphate  of  calcium.     0.  ir»-0.3  G.  (»-6  (jre.). 
ninni  Niijntin  I'uriJi^otiniiiM.  V. )  (Sb„S,),  a  hea\y  fcrayii^h- black  powder, 
B,  tantelews  and  insoluble  in  water.      U.OI.S-O.Ofi  (t.  (J-1  gr.). 
monium   Su/phurntttw  {H.  P.),  Kernies    mineral,  consists  of  antimony  buI- 
Sb^l  with  a  !*mii]l  amount  of  oxide  (SbjO^i — an  amorfihous,  reddirth-brown 
r,  txIorlcAji,  tahtelei>i*j  and  insoluble  in  water.      0. 05-0.3  (J.  (1—5  gn*.). 
la  ffydrorfjyri  Suht'hloridi  (hmfHt^Ha  (R.  P.),  Pliimmer'fl  Pills,  cfmipntind 
i\  pill,  8  jifrains  eontJiin  nearly  2  grains  each  of  calomel  and  uf  sui- 
ted antimony.     4-8  gn. 

trapeatic  Uses.  —  Atititnony  is  used  to  amiwh  less  extent  in  med- 

tlian  Wius  formerly  tlie  case.  In  the  scvt'iiloeiith  century  it  was 
■ibed  so  widely  i"id  was  believed  to  do  so  much  liarm,  that  the 
ales  io  metlicine  of"  lioidelberg  were  rpquired  to  take  an  oath 
to  use  it.  At  present  it  is  used  to  a  limited  extent  as  an  emetic, 
I  slow  in  aetion  and  induces  greater  depression  and  niofe  pro- 


1  nausea  tliau  the  other  drugs  wliieli  ari'  pre 
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aueli  an  ajMimorpLiue,  ipecacuanha,  or  sulphate  of  copper.  It  is 
ore  seldom  used  to  evacuate  the  stomacli  in  cases  of  poisoning  or 
jign  bodies  in  the  stomach  or  oFSopluigus.  Its  expe<itorant  action 
en  advantage  of  in  nciite  bmnehitis  in  which  the  .'^'cretion  of  the 
hial  mucous  membrane  is  insufficient,  but  it  is  of  less  v:ilue  when 
cretion  is  abumlarit.  In  wmimencing  bron<diitrs  tartar  eme4ie  is 
imes  given  until  vomiting  occurs,  and  then  continue<l  in  smaller 
and  at  longer  intervals. 

also  used  as  a  diaphoretic  to  some  extent,  in  the  same  doses  a.s  are 
Ibed  aa  expectorants,  but  it  hiis  been  almost  entirely  supplanted  by 
rpioe  for  this  purpose.  James'  ]>owder  was  especially  popular  as  a 
jretic,  but  is  now  seldom  employed. 

leute   fever  antimony  w;i.-*   formerly   lurf^ely    used  oa  a  de|>n'8f«inl,  more 
when  doliriunk  v/ha  a  marked  feature.     The  object  wa»  to  produce 
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a  milJ  collapse,  but  the  trcatmeut  has  been  entirely  abandoned  If  luosl 
authorities,  and  prohubty  did  more  barm  than  good.  Acute  lobar  pueu* 
muniu  wa.**  alxnoi»l  univensuUy  truuted  by  tartar  emetic  at  one  Umn,  uidaii 
attempt  baa  recently  been  nmde  to  revive  this  treatment,  but  without  ar> 
cess. 

Antimony  has  been  advided  instea<1  of  areenic  iu  the  Intvma]  treatnoitof 
skin  disease,  but  it  is  imposeible  to  state  at  present  how  fiir  it  ia  capable  of 
replacing  the  more  widely  u&fd  drug. 

Iu  oil  cases  in  M'bich  there  is  marked  deprewion  or  weakness,  In  wbid) 
the  btituiuch  ur  bowel  \&  iliatirdered,  or  iu  which  the  circulation  is  feeble,  tJie 
preparations  of  autimony  are  coutraiiidicated. 

Tartar  emetic  wti^  formerly  used  in  ointment  (one  part  to  foar)aaftsld& 
im'taitt,  but  itn  continued  applicatiou  has  led  in  several  caaea  to  difl^nV 
cutaneoim  ubnt^-eHs.  and  tmuietiuen  to  necixtsis  of  booe,  so  that  the  toiltt 
emetic  ointment  bus  pusiM^d  into  desuetude. 

In  raAo.s  of  Antimonlal  Poisomngf  emetics  are  seldom  required,  bat 
the  stomach  may  be  washed  out  by  means  of  the  &tomacb  tube,  if 
vomiting  is  not  present,  and  n  purge  may  Ik?  pven  to  remove  tiiefxiwoa 
in  tlie  lx>wel.  Tannic  acid  is  iistil  to  precipitate  tlie  antimony  in  the 
stomach,  and  the  tanuatc  formed  must  be  washed  out.  A  forruuf  tnn- 
nie  acid  wtiich  is  iiHually  nvailiible  in  e-mergencie.i  is  strong  tea,  whifi 
is  also  useful  as  a  stimulant  for  the  collapse.  Lime  or  magnesia  mav 
be  used  to  precipitate  the  antimony  instead  of  tannic  acid. 
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n.    MERCURY. 

Mercury,  one  of  the  most  j>o\vorfnl  inorganic  poisons,  has  been 
in  medicine  for  a  long  time  and  in  a  large  variety  of  inrms. 
diil'erent^es  are  observed  iu  the  action  of  these,  but  all  of  them  ind 
the  siime  general  results,  (lie  dillcrences  existing  only  in  their  Ic 
effects,  and  being  due  to  the  salts  ditlcriug  iu  solubility  and  di 
bility.  A  soluble  salt,  such  as  the  perohloride,  comes  iuto  more  L 
mate  contact  with  the  tif*sues,  and  therefore  acts  more  power! 
IcKjally,  and  is  alstj  iibsorbod  nion*  i-apidly  and  in  larger  amount  tJ 
calomel,  which  is  entirely  insoluble  in  water.  Buth  the  local  and 
general  effects  of  the  percldoridc  are  more  marked  than  those  of 


MERCURT. 


635 


I 


I 


iDpl,  therefore,  but  when  sufficient  mercury  in  the  form  of  calomel  16 
absurbed  into  the  tissues,  tlie  general  offccts  are  the  same  B8  if  an  equiil 
quantity  had  been  takoii  up  as  pcn^hloriile. 

Morcury  h  absorbed  and  circulates  in  the  blood   in  the  form  of  tlie 
albuminate,  which  is  insoluble  in  water,  but  is  rendered  soluble  by  es- 
oessof  proteid,  and  also  by  chloride  of  sodium  in  sucli  quantities  as 
are  met  with   in   the   tissues.     The  solubility  »*f  the  albuminate  ex- 
plains how  mercury  is  al)SorlK*d  so  much  luorc  quickly  tiian  any  of  the 
other  heavy  metals,  and  at  the  same  time  it  may  account  in  part  for  its 
greater  wirrosive  action.     The  corrosion  is  due  to  some  extent  to  the 
flei4i  constituent  of  the  preparation,  but  this  is  not  greater  than  that  of 
an  equally  soluble  and  equally  dissociable  coml)ination  of  the  arid  with 
another  mctab     The  mercurial  ion  itself  is  also  ct>rrosive,  and  its  de- 
structive action  is  the  more  powerful  bcc^uise  th*'  precipitate  formed  with 
prot«i(l8  is  less  insolubU;  in  the  siirroiinding  fluids  of  the  body  and  is 
th<;refore  more  floccuU-nt  and  aftords  less  protection   lo  the  surface, 
^bari  those  formed  by  the  other  hi'avy  metals.     The  mercurial  action  is 
^»n8<rqucntly  not  Jiiiiilrti  to  the  surface  of  a  tissue  l)ut  extends  into  the 
**eepcr  cells.     The  highly  corrosive  action  of  the  mercury  ion  has  been 
^jwHIkmI  to  its  prr.it  affinity  for  the  amido-com]>ounds  which  arc  citn- 
tsincd  in  the  albumin  molecule.      LiebiTinann  has  alK)  shown  that  it 
Has  a  6j>ecial  affinity  for  Icrithalbuniin,  and  it  is  |iossibIc  that  this  may 
f»lav  an  imjHirtaiit  nMc  both  in  the  al>w»rptioii  and  in  the  shiw  excretion 
^f  the  metal. 

The  albuminate  is  farmed  rapidly  when  such  soluble  salts  as  tlie 
perchloride  come  iu  contact  with  thr  tissues,  and  the  luail  corrosion  is 
^eater  and  the  al>sorption  more  ra]>id  than  when  an  insoluble  salt  ia 
ingested.  A  ^ood  deal  of  dispute  has  arisen  as  to  the  absorption  of  the 
insoluble  salts  of  mercury,  and  it  is  frequently  stated  that  calomel  is 
first  changed  to  the  perchloride  by  the  action  of  the  hydriKhloric  acid 
of  the  stomat'h  and  l>y  the  chlorides  of  the  tissues,  yud  that  only  then 
is  the  albuminate  formed.  There  is,  however,  no  sufficient  evidence 
that  the  |M'rchloridc  is  fornicd  fnim  llu;  chloride,  and  such  a  change  is 
not  necessary  to  explain  its  absorption,  for  the  protcids  of  the  tissues 
can  act  on  calomel  as  such,  and,  fbrndng  the  soluble  albuminate,  allow 
it  to  be  absorbe*!.  It  lias  been  asserted  of  late  that  when  cnloMiel  is 
injected  hypodcrmically,  the  leucocytes  take  it  up  aiul  carry  it  off  tis 
they  do  any  other  tbreign  insoluble  Iwdy,  and  it  is  quite  p<is.sib]e  that 
they  may  take  it  up  in  the  same  way  from  the  alimentary  cannl.  At 
the  same  time  the  tjuantity  of  calomel  which  comes  into  intimate  con- 
tact with  the  tissues  is  much  smalhr  than  in  the  case  of  the  soluble 
perchloride,  and  a  smaller  projinrtinn  of  ralomel  is  alisorbcd  therefore. 
In  the  same  way  other  iiisuluble  preparations  of  mercury  are  absorbed 
in  the  form  of  albuminates,  nnd  men  the  metal  may  l)e  oxitlized  and 
absorbed  when  it  is  applitil  to  the  living  surfaces  or  injected  into  the 
blood  in  a  state  of  fine  division.  Thus  the  inhalation  of  mercury  vapor 
by  the  bmgs  lejids  to  general  poisoning,  often  of  a  very  malignant  typo, 
And  mercury  rubbed  iuto  very  fine  globules,  and  applic»d  iu  ointment 
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to  the  nkin,  passoB  into  the  gland  ducis  and  along  the  roots  of  the  Witb, 
tinil,  after  U*ing  oxidixitl,  is  dissolvwl  and  absijrbcd  iuio  the  ti8WMs,iQ 
which  it  caiif«ps  the  typiml  mercurial  otteds. 

Symptoms. — Acute  Mercurial  Poisoning  occurs  only  from  the  use  of 
soluble  jtrqiarationK,  and  in  |iartirular  intm  the  |>erch!oridt' of  im-mtnr 
or  corrosive  i^uhliinalc.  Many  catcs  have  arihen  from  this  jioiM>n  being 
swaHowod  accidentally  or  with  siucidal  intent,  but  of  late  years  uu 
alni<»fit  equal  nnniher  has  arir-en  frfun  the  j»erehloridc  l>einp  iiKtl  aa  ai) 
antiseptic  wa^-h  for  large  cavities.  When  corrosive  eubliniule  'n^  swal- 
lowed in  ]K>i&onuns  quantity,  the  |>atient  complains  at  once  of  ihe  l)ni>li, 
metallic  taste,  which  i:^  followed  by  burning  pain  Jn  the  mouth,  tliroot 
and  stomach.  Nausea  and  vomiting  set  in  very  soon,  and  the  vomll^l 
matter  may  contain  shreds  of  mucous  membrane  and  blood.  Diar- 
rhoii  and  violent  tenesmus,  with  watery  or  bloody  stools,  often  wio- 
iaining  bhreds  of  membrane,  may  be  among  the  early  symptom?,  or 
may  only  iK-cur  afk»r  twenty-four  hours.  These  symptoms  from  ibe 
alimentary  canal  are  aocompanied  by  collapse,  with  a  small,  thready, 
sometimes  irregular  pnW,  shallow,  inrgular,  rapid  respiration,  cokl, 
clammy  skin,  pinciu'd  features,  and  sunken  eyes.  The  temperature  in 
often  sidmorniEil,  but  sometimes  fever  is  ol)served,  although  tliis  ifc 
Bttril>ute<l  by  many  to  concurrent  disease.  The  consciousness  is  usunlly 
iniafFected,  but  in  some  cases  somnolence,  giddiness,  or  more  mrely 
anxiety  and  restlessness  have  been  observed.  The  urine  is  inacb 
diiiiiniMhrd  atid  complete  anuria  often  occurs  in  a  few  hours.  If  the 
urine  is  not  completely  snj)pressed,  it  genenilly  contains  albuiuin,  n:na! 
epithelium,  casts,  and  more  rarely  s-ugar.  Death  nuiy  occur  within  nu 
hour  fron»  shock,  but  more  frequently  the  patient  survives  seveKil  <laT8 
or  even  one  or  two  weeks,  the  .symptoms  of  intestinal  corrosion  and  ff 
renal  irritatiou  L-outinuingj  until  he  finally  sinks  from  exhaustion. 

When  acute  pois<inIng  occurs  irom  the  absorption  of  corrosive  fubli- 
niatc  from  wounds,  the  symptoms  4>f  corrosion  of  the  mouth  and  stomach 
arc  absent  at  first,  but  the  dysenteric  symptoms  and  the  renal  inflam- 
mation arc  jirodnced  in  the  same  way  as  when  the  poison  is  swallew*?!!. 
Here  aguJJi  the  paticEit  may  die  within  a  few  hours,  but  more  fre- 
quently survives  for  several  days,  and  iu  the  latter  case  the  svinjitoms 
towards  tlie  end  partake  uf  the  character  of  chronic  jxasoning.  In 
particular,  salivation  and  stomatitis  set  in  in  the  course  of  a  few  duv?- 
These  also  m-cur  when  the  poison  is  swallowed,  although  thev  are  nii>rc 
liable  to  be  ovcrlookeil,  from  the  cauterization  prnduce<l  in  the  m»>uth 
by  the  liKiil  action. 

Chronic  Poisoning.  —  A  much  more  frequently  observe*!  form  nf 
poisoning  is  that  induced  by  the  prolonged  medicinal  use  of  mercun. 
It  may  arise  from  any  of  the  preparations,  and  from  any  form  of  ap- 
plication, although  some  methixls  of  administration  are  credited  witb 
bein;:  less  liable  to  induce  it  than  others.  Thus  inunction  with  me^ 
curiat  ointment  and  thn  use  of  calomel  internally  art!  both  more  liable 
to  cause  the  severer  forms  of  stomatitis  than  is  ctirrosive  sublimate. 
A  single  hypfHiermic  injection  of  an  insoluble  preparation  may  induce 
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it  in  susceptible  person?,  because  the  mercurj'  is  only  slowly  absorbed, 

aud  |)a.sses  itito  the  tissues  us  gnuluiilly  as  if  it  were  given  l»y  the  mouth 
regularly  for  Hevt-ral  clays.  This  ehronic  jKUj-uuing  or  Mercurialism  is 
due,  not  to  the  local  aetiou,  Imt  to  the  etFects  of  tlie  lirti^r  after  absorp- 
tion. It  is  mneh  mure  liable  to  i>ccur  in  certain  pwiplc  tliuu  in  others, 
bat  may  follow  the  abuse  of  mercury  in  any  ejis«?,  and  tlit*  cause  of  the 
abnormal  susceptibility  to  mercury  is  unknown.  When  mercnrialitira 
I>egin3  to  be  manifested,  the  drug  ought  to  be  stopjK^d,  or  the  dose 
rnuf^ii  reduced,  tnitil  the  Bympti>ms  disappear.  Formerly  it  was  be- 
lie\'«d  that  the  earlier  HVinptoms  uf  mercurial  poi^^ouing  hud  to  Im*  in- 
duixrd  in  the  cure  of  syphilis,  but  in  modern  therapeutics  every  eifort 

made  to  avoid  them.     The  first  symptoms  generally  arise  from  the 

uth  null  fJinmty  the  patient  complaining  of  a  metallic  taste,  and  i>f  a 
feeling  of  numbuess  or  soreness  of  the  tongue  and  gnnis.  Tlie  breath 
has  an  unplejisiint  fifitid  04lor,  the. tongue  is  swollen  arnl  thickly  coated, 
the  gums  are  soft,  swollen  and  often  of  a  dark  bhii.sli-re<l  or  gray 
color  and  the  flow  of  Siiliva  is  augmented.  If  the  medication  Ix* 
continued  as  was  often  done  ibrmerly,  ulcers  appear  (ui  the  gums 
and  on  the  sides  of  the  tongue  where  it  auncs  in  contact  with  the 
t«eth,  especially  if  these  are  ejirions,  and  on  the  mucous  membrane  of 
the  cheeks  ;  the  salivation  increases  ami  irritates  the  lips  aitd  the  skin 
where  it  is  expi>scd  to  the  secretion.  If  the  admini^tr.ition  of  mercury 
\}e  still  j>ersistcd  in,  the  teeth  iH'come  hnvse  ami  fall  out,  gjuign-nc  iif  the 
gums,  lips  and  throat,  and  necrosis  of  part  or  even  of  the  whole  jaw 
may  follow,  and  may  prove  fatal  by  exhaustion  and  inanition  due  to 
the  difficulty  in  swallowing  and  to  the  complete  alisence  of  desire  for 
food.  The  milder  forms  of  stomatitis  and  salivation  are  observed  in  a 
large  proportion  of  cases  of  syphilis  treated  with  mercury,  aceoitling 
to  some  authors  in  30  per  cent,  or  more.  It  may  be  avoided,  to  some 
extent,  at  least,  by  scrupulous  cleanliness  of  the  mouth  and  teeth,  by 
the  tilling  of  caritms  teeth,  and  by  using  a  2—4  per  cent,  solution  of 
cblorato  of  potash  as  a  mouth  wash. 

The  tdoinwh  and  hUcniine  also  suffer  in  chronic  mercur}'  p^^isoning. 
The  patient  often  complains  of  loss  of  appetite,  and  o**casionally  of  a 
feeling  of  weight  and  discomfort  in  the  stomach,  nausea  and  vomiting, 
general  weakness  and  loss  «tf  flesh.  (?olicaiid  diarrli(ea  are  fre<|uently 
observed,  or  diarrluea  and  constipation  may  alternate.  These  symp- 
toms are  naturally  more  liable  to  occur  from  the  administration  of 
mercury  by  the  mouth  than  by  other  ohiinnels,  as  here  the  action  after 
absorption  is  reinforce<l  by  the  direct  hxyd  efleots.  Some  f*ver  is 
sometimes  note«l,  but  this  is  secondary  to  the  affection  of  the  mouth, 
bowel  or  skin,  and  Ls  not  directly  attributable  to  the  mercury. 

Occasionally  nk'ni  ei-Mptions  are  seen  when  mercury  is  given  by  the 
mouth,  but  much  mon^  freiiuently  when  it  is  applied  to  the  skin.  In 
the  latter  case  they  are  not  limited  to  the  point  t>f  a|>pliration,  although 
they  often  l>egin  from  it  and  spreati  ovit  w  larg<?  surface  of  the  body. 
They  are  said  to  occur  niXvw  without  any  tttlier  symptom  of  |Mnsoning, 
except  the  fever  and  discomfort  which  they  induce  themselves.     They 
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y&ry  greatly  in  form,  cx)nsi8tmg  of  small  reddish  spots,  large  red  en*- 
thematous  surfaces,  urticaria,  or  eczema,  each  of  these  occurring  altne 
or  iu  successioD,  and  being  usually  follower]  by  det^quamation.  The 
eruption  generally  lasts  only  IS  weeks,  but  in  some  ctisee  has  noteu' 
tirely  disiippeared  until  three  months  after  iti*  first  appearance,  aiKl  in 
others  has  rcturnwl  repeate*lly  afterwards.  It  ia  said  to  have  baa 
induced  occasionally  by  a  single  dose  of  calomel. 

The  urine  is  often  somewhat  iucreaswl,  but  may  be  decreased  afte^ 
wards,  and  it  not  inft*equently  contains  albumin,  although  the  proportion 
ofcaseslnM'hieh  this  occurs  is  much  disputed,  and  the  amount  in  !hpiiricie 
is  generally  very  small.  Glvcoeuria  is  much  rarer  in  man,  but  bus  b«D 
frequently  observed  in  rabbits  after  pmlonge<l  treatment  with  mercuiy, 
It  is  still  a  matter  of  doubt  how  far  the  srxuijl  orr/ans  are  involved 
in  mercury  poisoning.  Ac<x>rding  to  some  authorities  disturbances  of 
the  nietistruation  and  even  ccunplete  amenorrha?a  liave  been  observed, 
and  abortion  is  also  stateil  to  have  been  caused  by  it. 

A  general  condition  of  cftchexia  may  be  induced  by  the  presence  of 
tliesc  disonJers,  and  is  marked  by  pallor,  anu^mia,  emaciation,  weak- 
ness and  restlesjsncss,  with  a  tendency  to  fainting  and  dinturbed  sleep. 
The  pulse  is  small,  weak  and  quick,  sometimes  irrcgutar,  and  tlie  pa- 
tient often  complains  of  breathlessness. 

Affections  of  the  cvntrnl  nervous  sy>ff^m  are  rarely  induced  now  by 
the  abuse  itf  mercury  in  thcnipeuti(ss,  but  are  mentioned  by  some  of 
the  earlier  writers,  and  slill  occur  in  the  case  of  workers  in  mcrcmy 
mines,  in  mirrt^r,  IwimmettT  and  thermometer  factories,  and  in  other 
manufactories  in  whicli  mercury  is  used  and  its  fumes  arc  inhaled  by 
the  worktnt'U  for  prolonged  periods.  One  of  these  affections  is  the 
mercurial  crdfuxm,  a  eoiiditioti  of  abnormal  irritability,  timidity  or 
shyness,  accompimied  bv  great  muscular  weaknt^s,  and  sometimes 
developing  into  sieeph^ssness,  delirium  and  tninsitory  Imllueinations. 
AnntluT  well-known  form  is  the  mercurial  frmwry  which  affwt^  ibe 
hands  and  arms  first,  later  the  legs,  and  siimctimcs  extends  over  all  thft 
muscles  of  the  l)ody.  Shooting  pains  along  the  nerves  or  in  the  joiuts 
are  si)niotinn's  complained  of,  circuniflrribed  areas  of  |>iirtial  ani&lliB- 
sia,  amblyopia,  anosmia  or  deafness  have  been  described,  and  in  wnae 
cascH  Io«ilizr<l  pjir.ilysis  of  the  musrles  of  the  arm  or  leg  hiiJ-  Iteon 
induco<l.  Tiie-H*  list  dificr  from  tlio  paralysis  of  lead  or  arscuic  p)i- 
Honing  in  the  fact  that  no  wxsting  of  the  muscles  is  observed,  and  the 
elri'lncal  reaction  ivtuairis  normal.  According  to  Ijctulle  tJiey  are  daft 
to  the  destruction  of  the  myelino  sheath  of  the  peripheral  nerves,  tlw 
axis  cylinder  remfiiniiig  intact. 

The  symptoms  of  mercurial  poisoqiug,  both  acute  and  chrouic,  b 
animals,  resemble  those  in  mau  so  closely  that  it  is  unneoessarv  to  de- 
scribe tliem  further. 

Action  —  Lower  Forms  of  Life,  —  The  action  of  mercury  on  proleids 
extends  to  all  funns  of  living  matter.      Whenever  tlic  metal  comes  into  j 
intimate  contact  with   albumiuH,  it   forms  the  albuminate  and  destroys 
life.     This  poisonouH  action  is  naturally  much  more  evident  when  solo* 
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bif  pp'paratioQs  are  used  than  when  the  oxides  or  calomel  are  in  ques- 
tioQ.  Thus  corrosive  sublimate  in  a  soluiioa  of  one  part  iu  50,000 
destroys  iofusoria  in  sorae  20  minutes,  and  even  one  part  in  on«  rail- 
1)00  kills  algsB  in  the  course  of  a  few  ilays.  The  bacteria  are  some- 
vbat  more  resistant  than  these  fiinns,  but  corrosive  sublimate  is  said 
todeUj  the  development  of  some  of  these  in  a  solution  of  one  part  in 
one  million,  and  the  anthrax  bacillus  fails  to  grow  in  blood  which  con* 
IBM  one  part  in  8,000.  A  solution  of  one  part  in  one  thousand  is 
gMenlljr  rejrarded  as  capahle-of  disinfecting  fluids  completely  in  the 
ooQTie  of  a  few  hours,  but  there  is  no  que>ition  that  the  gt^rmicidal 
iKiwrpT  of  corrosive  sublimate  has  l)een  much  overestimated.  Thus 
Gcppert  fi>und  that  the  spores  of  anthiiix  could  be  exfioscd  to  the  ac- 
tion of  a  one  per  cent,  solution  for  many  hours  aud  still  develop  as 
«oa«  the  mercury  was  entirely  remove<l.  There  is  no  doubt,  how- 
•yer,  that  corrosive  sublimate  and  the  other  soluble  salts  c»f  mercury 
tr  imong  the  most  |x)werful  antiseptics  at  present  available.  The 
'  I'llulile  pre|Kirations  are  less  [wisonous,  owing  to  the  difficulty  in 
''Mnjinii^  them  into  intimate  contact  with  the  microbes,  but  calomel' 
iu*  Ix^n  shown  to  have  some  effect  as  an  intestinal  antiseptic. 

Ift  thr  Higher  Animals  and  in  Man.  the  same  di^structive  effects  are 

'adiioed   by  the  mercury  preparations.     The  corrosion  of  the  mouth, 

ttwat  and  stomach  when  the  pi^rchloride  is  swallowed,  has  already 

wen  mentioned.      When  it  is  appUe<l  to  the  other  mucous  membranes, 

•milar  effects  are  obtoined,  and  when  it  is  injecte<i  hy|K>dcrmicalIy, 

Cfl  in  dilute  solution,  it  induces  intense  ]>ain,  swelling  and  iudum- 

,   which  is  rarely   followed    by  suppuration,   but   which    may 

t  in  the  formation  of  cicatrices.     Stronger  solutions  injected  into 

*Qimalfi  often  cause  the  formation  of  cheesy  abscesses,  and  even  drv 

*^WOfc!«  of  the  skin  and  undt-rlying  tissue.     The  hy|KKlerraia  or  in- 

'V%fflB3cuIar  injection  of  insoluble  i>rt'parations  is  more  liable  to  cause 

*»^eoeaB  formation,  because  the  mercury  is  slowly  absorbetl  and  has 

^t»«refore  more  time  to  induce  its  irritant  effects. 

[  Wlicn  solutions  of  w)rn)sivo  sublimate  are  applied  to  the  skin,  they 
■pkiue  a  feeling  of  numbness  very  often ;  but  when  very  strong  solu- 
|^Bc>n3  oome  in  contact  with  tender  parts  of  the  skin,  and  in  partictdar, 
P^lien  the  e»lt  itself  is  allowed  to  lie  in  contact  with  it  for  any  lengtb 
P^Clime,  deep  corrosion,  ne<'rosis  and  sloughing  may  follow.  Even  the 
^•^Bolnble  preparations  are  liable  to  ^t  up  irritation  when  they  are 
j  **^bctJ  into  the  skin,  OBpecially  if  there  is  any  pre-existing  tendency 
^&X>  cataneous  eruption. 

^B  After  absorption,  mercury  acts  more  G&|)C(*iaHy  on  the  alimentary 
^^rict  and  on  the  kidneys,  although  other  organs  are  not  exempt  from 

'  ts  fff^-ClS. 

TIlo  Salivation  and  Stomatitia,  which  are  so  frequentlv  seen  nnder 
inercurial  medication,  are  obviously  not  <lue  to  the  local  action  of  the 
dnig  on  its  way  to  the  stomach,  for  they  occur  equally  readily  when  it 
U  applied  by  hypodermic  injection  or  by  inunction.  The  salivation  is 
■pfMirontly  due  to  the  direct  action  of  the  mercury  on  the  secretory 
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apparntiif?^  for  it  often  appears  before  any  other  symptom  and  is  <x> 
luinly  not  the  reflex  effect  of  the  irritation  of  the  mouth.  Tlicali\'» 
is  sometimes  excreted  in  euormous  amrmnts,  many  litres  of  it  being 
poured  out  in  the  c<mrso  of  twenty-four  huure.  It  contains  mwrnry, 
and  has  therefore  a  metallic  taste,  ajid  tends  to  irritate  the  lipH  ukI 
skin  where  it  comes  in  cuntact  with  them.  In  extreme  oases  it  Mf, 
to  sleeplessness  from  its  aecumuhiting  in  the  liack  of  the  tlmat  ml 
awakening  the  patient  witli  a  feeling  of  suflix-ation.  The  stotuali- 
tie  is  likewise  due  to  the  excretion  of  mercury  by  the  wiliva  and  by 
the  other  mucous  secretiouH  (»f  thf  ni<mth  and  throat.  The  irritation 
causei^l  by  the  metal  leads  to  excoriations,  and  these  to  the  fom»tion 
of  ulcers,  particularly  where  micn^ljcs  are  jireaent  in  large  niiinljera.  as 
around  carious  teeth.  Tli*'  necrosis  of  the  jaws  arises  froui  tliese  ulo«>. 
penetrating  to  tlie  bone  and  setting  up  |KTi<>stitis,  for  mercury  in  iti?clf 
has  no  s|>ecific  action  on  the  bone  Bucb  as  has  been  mentioned  ontler 
phtisphorus. 

Mercury  has  less  direct  eifect  on  the  Stomach,  though  congestion  tnd 
even  small  hiemorrlmgcs  incases  of  poisouing  indicate  that  it  i*  not 
entirely  immune ;  the  loss  of  appetite  ami  malnutrition  in  cbrooic 
]>oisoning  are  ascril>«I  to  tlie  jjreseuce  of  mercury  in  the  sjiliva  nitkr 
than  to  its  affecting  the  gastric  functions  directly.  In  tlie  Iiitestine, oo 
the  other  hand,  mercury  is  apparently  excreted  in  large  amoiiut^  and 
induces  veiy  distinct  lesions.  The  parts  affected  are  the  escum  and 
colon,  while  the  small  intestine  very  often  escapes  almost  enlirplj. 
The  action  of  mercury  is  evidenced  by  hyi)era?mia,  nKlticss  .^nd  swoll- 
ing  of  the  mucous  membrane,  which  later  develop  into  necrotic  sur- 
faces and  ulcers  along  the  folds;  tliese  lend  it  an  appearance  alino^ 
indistiugnishal>le  from  that  of  clironic  dysentery  juid  may  evonloall/ 
eud  in  perfaratiou.  The  symptoms  from  the  intestine  are  in  accord- 
ant*! with  tfiL-  lf^si<»n.s,  (y>nsisting  in  constant  purging  with  very  fluid, 
sometimes  rice-water  st<x>ls,  intense  pain  and  tenesmus,  blood  aud  ing* 
ments  of  mucous  membrane  in  the  fa?ces. 

Small  »?(>?ies  of  intM'curials  given  by  the  mouth  act  as  Ptirges,  caGBing 
soft  stiK)ls  gfiu-rally  without  pain  or  straining.  The  insoluble  prep«- 
rjitions  art-  used  fJtr  this  purpose,  as  tlwy  act  least  on  the  gtomach, and 
the  mercurial  purges  par  excellence  are  calomel  and  the  metallic  prep* 
arations  —  blue  pill  and  gray  powder.  This  effect  is  apimrenlly  dnc  to 
their  acting  as  intestinal  irritants  from  their  specific  action  on  the  in- 
testine. They  apparently  do  not  remain  long  enough  in  the  stnnwch 
Uy  be  dissolve*!,  and  besides  seem  to  have  less  tendency  to  induce  irn* 
tation  here.  In  the  intestine,  on  the  other  hand,  their  longer  stijoiiro 
and  special  affinity  for  the  epithelium,  leads  to  their  |xirtial  solution 
and  to  their  irritant  action  being  develo|x'fl.  A  small  proportiouof 
tliese  insoItjI"lc  prrjiarations  is  absorl>c<l  from  the  intestine,  but  tlw 
great  mass  is  thrown  tuit  uiiehnnged  in  the  stools,  and  thus  very  large 
doses  of  calomel  sr>metimes  induce  no  seriotis  symptoms.  Mercun*  act* 
in  the  intestine  even  when  the  bile  is  suppressed,  and  the  stuols  we 
often  of  a  greenish  color,  which  has  l>een  ascribed  to  a  metallic  com- 


^ 


MERCURY. 


641 


pound  foniicti  in  the  bowel,  bnt  which  is  really  due  to  bile  pigment. 
This  is  ordinarily  dccompoiied  by  the  microbes  in  the  intestine  with 
the  formation  of  the  ficral  pigment,  but  mercury  from  its  antiseptic 
pi\)[>erties  prevents  tlie  growth  of  tht*  microbes,  and  the  l)ile  tlierefore 
a|)poars  iu  the  stools  uudecomposed  and  {assessed  of  its  ordinary 
color. 

The  mercurial   purges,  and  in  particular  calomel,  have  often  Iwen 

credited  with  increasing  the  secretion  of  the  Bile,  but  thi«  has  been 

!(hovn  to  be  incorrect,  for  Stadelmanii  (in  animals)  and  Ffafl'(in  man) 

found  that  the  mercurial   preparations   had  nt)  effi»ct  on  the  secretion 

escaping   from  a  biliary  fistula.     The  belief  probably  arose  from  the 

iSTXxu  color  of  the  stools,  but  this,  as  already  mentioned,  is  due,  not  to 

the  incrc-arte  of  the  bile,  but   tit  its   being  presers'eil    from  putrefaction 

III  the  intestine.     There  is,  iu  fact,  no  sullieieut  experimental  or  clini- 

4k1  evidence  that  the  liver  is  in  any  way  affected  directly  by  mercury. 

vlie  "  biliousness  "  wlHch  is  .so  often  relieved  by  calomel  or  blue  pill, 

i»  due,  not  to  the  liver,  but  to  disorder  of  the  alimentary  tract. 

Mercury  has  no  such  ]>owcrfid  ett'ect  on  the  Unorganized  ferments  of 

digeMtiuu  as  it  has  up4.)U  the  microlwH,  for  tlM)ugli  large  amuuntrt  of  the 

ftolable  preparations  precipitate  the  pepsin  in  artitieial  digestion  cxperi- 

nn^nta,  flmaller  quantities  have  little  such  efFtft,    ('alomel  has  no  action 

on  the  digestive  fermeuts,  but  retards  the  putrefaction  in  the  intestine, 

and  thus  limits  the  deeorn|M)si{ion  of  the  food.     Its  antiseptic  action 

^  is  aided  by  the  increased   peristalsis  which  foUows  it.s  use,  and  which 

^^  r^emoves  the  decompiling  mass  from  tlie  canal.     In  fact,  the  lessened 

^Bgpinimt   of  double  sulphates   in   the   urine  which  follows   the  use  of 

^Mfeyomel,  may  be  ascribed  as  much  to  its  j>urgutive,  as  to  its  antiseptic 

H^  power. 

^  Another  organ  which  is  powerfully  affectwl  by  mercury  is  the  Kld- 
i»«7.  A  mwlerate  dose  of  calomel  induces  marked  diuresis,  [Kirticu- 
Jarly  in  cases  in  which  there  is  a  large  accumulation  of  Huid  in  the 
l*">ly,  OS  in  dropsy  fn)in  heart  discjise.  In  other  forms  of  dropsy, 
such  as  that  arising  from  hepatic  cirrhosis,  or  from  renal  disease,  it  is 
loHfej  reliable,  although  it  not  infrequently  increases  the  How  of  urine  in 
'HcBe  eases  also.  When  purging  follows  the  administration  of  the 
tnerourial,  less  diuretic  effect  is  observed. 

In  normal  individuals  and  in  animals  the  diuretic  action  is  gener- 
***y  much  weaker,  altlu>ugh  sfune  recent  work  has  shown  that  it  can 
**®  elicited  easily  in  rabbits  (Cnhnstcin).  In  view  of  the  iiwX  that 
*'*ercurial  preparations  have  an  irritaiU  action  on  the  kidney,  it  would 
*®<snn  that  the  increased  secrcti(»u  of  uriiu*  induced  by  calomel  and  l»y 
^^*Aer  mercurials  is  most  probably  to  be  ascribed  to  a  direct  action  on 
Hp*^c  epithelium. 

Tn  acute   mercurial   |>oisoning,  when  death  does   not  follow  in  the 
2?Utse  of  a  few  hours,  anuria  is  often  olwerved  both  in  man  and  animals. 
«i8  anuria  is  due  to  the  renal  changes,  which  are  found  to  consist  in 
iroflisof  the  epithelium  of  the  tubule;^  iu  some  partiS  of  the  cortex. 
41 
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The  whole  organ  is  congested  and  the  glomeruli  are  in  a  state  of  acute 
inflammation,  but  the  necrosed  tubules  are  the  most  prominent  fettue. 
Very  generally  in  the  rabbit,  less  often  in  the  dog  and  in  man,  tlteee 
are  filled  with  a  deposit  of  phosphate  of  calcium,  occasionalJj  is- 
termixed  with  some  chalk.  According  to  some  pathologists,  it  is 
deposited  fir^t  in  the  tubules  and  only  when  these  are  filled  does  it 
force  its  way  into  the  cells,  but  a  more  probable  view  is  that  it  is  throwH 
out  in  the  necrosed  cells,  and  as  these  break  up,  passes  into  tbetobaks. 
It  may  be  remarked  in  passing  that  several  other  poisons^  sacfa  as  bis- 
muth and  aloin,  occasionally  induce  this  deposit  of  lime  in  the 
kidneys. 

These  renal  symptoms  have  been  observed  most  frequently  in  cor- 
rosive sublimate  poisoning,  either  by  the  mouth,  or  from  absorption 
from  a  wound.  The  more  slowly  absorbed,  insoluble  preparations  ap- 
parently do  not  often  accumulate  in  sufficient  quantity  in  the  blood  to 
induce  such  severe  effects.  At  the  same  time,  albumin  or  casts  ar« 
very  often  observed  in  the  urine  from  the  treatment  of  syphilitic  p»-- 
tients  with  mercury  in  any  form,  although  it  is  stated  that  this  is  les< 
liable  to  occur  when  soluble  preparations  are  injected  hypodermicall^ 
than  after  inunction  or  the  use  of  insoluble  salts  subcutaneously.  Th< 
more  marked  the  action  on  the  intestine,  the  less  destruction  of  tbft< 
kiduey  is  obser\'ed  in  cases  of  severe  poisoning. 

The  lime  deposited  in  the  kidney  has  suggested  the  idea  that  mercnry  b^K4 
a  specific  action  on  Bone,  consisting  in  the  absorption  of  the  calcium,  and»zi 
attempt  has  been  made  to  demonstrate  this  action  by  estimating  the  Uicft« 
salts  in  bone  after  mercury,  and  comparing  the  amount  w^ith  that  of  nono^kl 
animaJM  of  the  name  size.     No  action  on  bone  has  been  established,  howerer,iii<J 
the  explanation  of  the  renal  deposit  a.s  due  to  decalcification  of  the  bones  ba^ 
be4?n  sliown  to  Ik?  inertrrect  by  Klemperer,  who  found  that,   instead  of  bdag 
ovcrsiitu rated  with  lime  which  it  dcpoHiU  in  the  kidney,  the  blood  actoally  cod' 
tjiiiis  a  Kftmewhat  simuller  amount  of  lime  than  normally.     The  lime  depoidtedin 
the  kidney  is  evidentally  drawn  from  that  normally  circulating  in  the  blood;  tn 
ne(T«)sed  tissue  from  other  causes  lime  is  very  often  dejKttited,  although  not  so 
rapidly  as    in    mercury  |K>isoning.     Large  doses  given  repeatedly  l«wl  to  an 
in<Tea.sc  in  the  size  and  number  of  the  vessels  of  the  bone-marrow  and  thefe^ 
eel  Is  atrophy  rapidly  ;  later,  gelatinous  degeneration  ioUowsand  the  cellular  cl^ 
ments  of  the  marnjw  di8aj>pear. 

Mercury  seems  to  have  comparatively  little  direct  action  on  the  CircnlEti*]^ 
in  eases  of  poisoning,  and  most  of  the  changes  in  the  pulse  are  to  be  «8erit5** 
rather  to  the  shock  and  collapse,  or  in  chronic  poisoning  to  the  cachexia  *°* 
malnutrition,  than  to  any  direet  cfTec-ts  on  the  heart  and  vessels  ;  in  some  ca*-*^ 
of  acute  poisoning,   however,  patches  of  fatty  degeneration  have  been  founfi-     "^ 
the  heart.     In  the  fn»g  laigc  doses  of  soluble  salts  slow  and  weaken  the  hei^*^' 
and  niercun,'  salts  injected  into  the  blood  vessels  of  mammals  have  been  founc:^* . 
cause  a  sudden  descent  of  the  blood- pressure  and  paralysis  of  the  heart     S      ^* 
cutaneously  injected  into  animals,  the  soluble  salts  rwluce  the  blood-press-     ^.^ 
more  gradually,  but  at  the  end  a  verj-  sudden  descent  to  zero  occurs.     The  act    '^^ 
is  in  part  on  the  heart  nmsele,  in  i)art  <m  the  peripheral  vessels. 

The  Bespiration  is  also  only  afteeted  indirectly.     In  chronic  mercuiy 
S(jning,  inarlied  breathlessness  is  sometimes  observed  and  has  been  ascribed 
Kussmuul  to  the  general  muscular  weakness. 
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Merciin*  has  no  effort  on  the  TempcratnTB  in  iU?e\T^  hut  wWii  oti>- 
matitis  or  skin  eruptions  are  devi'lojHHJ,  some  fever  generally  acmm- 
panies  them,  ^vhjIe  in  collapse  the  temperature  may  fiill  several  diptea 
below  the  normal. 

Distribution.  —  After  it.s  prolonged  use  mercury  is  found  in  alniwi 
every  organ  of  the  body,  hut  larger  quantities  are  found  in  the  kidupy 
and  liver  than  elsewhere,  and  it  seems?  to  Ix?  stored  in  llu^e  tirgans 
longer  than  in  any  otiicr.  In  cases  of  acute  poisoning  ihruugli  ab- 
sorption from  the  sut>cutaneou!^  tissue  or  from  wounded  surfaces,  thf 
dlBtribution  is  the  same.  The  statement  tliat  mercury  is  fitDrtnl  u|)  in 
large  quantities  in  the  bones  has  not  been  confirmed  by  the  more  re- 
cent investigators,  but  traces  are  found  here,  :is  in  the  musrles,  Itnin, 
lungs,  intestine  and  spleen. 

Mercury  is  Eliminated  by  almost  all  the  excretory  organs,  but  most 
largely  by  the  intestine  and  kidney.     It  has  been  found  in  small  quan- 
tities in  the  perspiration,  milk,  saliva,  gastric  juice  and  bile,  and  ha: 
been  shown  to  pass  to  the  fcelus  in  utero  through  the  placental  circi*- 
lation.     The  excretion  l)egins  within  one  or  two  days  atVr  ahs4»r]>iioyi 
but  is  very  slow  and  irregular.     Mercury  has  certainly  been  found  i* 
the  urine  six  months  after  its  administration  had  l>een  stoppwl,  iii»^ 
some  authors  state  that  it  may  be  detected  in  it  for  years  afterward^S' 
It  is  open  to  question,  however,  whether  these  last  cases  of  very  prc:^^ 
longetl  excretion  are  not  to  be  exjdained  by  the  patients  having  be^-  * 
exposed  to  the  fumes  of  mercury  in  the  interim.     At  the  same  time       * 
is  not  iraposHible  tliut  pockets  of  mer<!ury  umy  he  encap.sulcil  in  ll 
tissues  when  the  iu!?olublc  preparations  are  injected,  exactly  as  a  l»fl 
bullet  may  be,  and  that  after  a  long  time  some  irritation  such  as  a  Mo 
may  again  liberate  it  and  permit  of  its  excretion.     The  eliminalic*  ^ 
is  said  to  last  longer  when  the  mcrcur)'  is  rubbed  into  the  skia  ihemJi 
when  it  is  given  by  the  mouth,  or  when  solulde  preparations  are  i in- 
jected hy|HKlermieally.     Thfs   is  explained  by  the  drug  passing  nnn^ 
slowly  through  the  skin,  which  continues  to  contain  some  of  it  lon^ 
after  the  inunction  treatment  has  cease<I.     Mercury  often  di^pjuars 
from  the  urine  for  several  days  or  even  weeks  at  a  time,  and  tlicu  n?- 
tunis  again.     It  is  said  that  more  mercury  is  found  in  the  urlnt' nAcr 
its  hy|x>dermic   injection   than   after  inunction,  but  even  in  the  khw'' 
favorable  circumstances  only  a  small  proportion  of  that  ab&c)rl»e*l  i^ 
excreted  by  the  kidneys.     In  the  urine  the  mercury  probably  exisi-' 
for   the  most  part  in  the  form  of  a  salt,  although  some  of  it  mav  be 
in  organic  combination. 

Mercury  form3  vcrj'  [K)isouoiis  rompounds  with  methyl  and  ethyl,  vihkh 
are  upparenlly  verj-  slowly  (lecomjiusi'd  in  tlie  organism  to  ordinan-  foni^''. 
and  which  have  given  rise  to  liilal  poisouiug  in  two  cases,  the  sjinpty'*** 
making  their  appearance  only  long  after  the  ingestion.* 

Therapeutic  Uses.  —  The  chief  purpose  for  which  mercury  is  us^  iD" 

tenially  is  the  tivalment  of  Syphilis.     Its  curative  eflects  in  this  du*- 

>  Bepp,  Arch.  f.  eip.  Path.  u.  Pbann.,  xxiiL,  p.  91. 
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-xplaincd  at  present  only  by  supposing  tlmt  it  develops  a 
ipccw^'  V4<i^^.|^j^^j^,^^  jj^.j|(^j^  ^jjj   the '&ypl»iiilic   virus.       Its  virtties  are 
aties         y  ^\^^  ^reat  majority  of  the  medical   profession,  hut  a  oom- 
^lanin      y    ^xxmXX   minority   still  oppose   its  use,  and  some  have  even 
?''^'Y      ^^  as  to  assert  that  instead  of  curing  syphilis  it  promotes  the 
(Jovewptntuj  ^f  t(»(.fiapy  symptoms.     Less  extreme  opponents  of  the 
"*?'?""|.      trwitment   hohl   tluit,   while  the  secondary   symptoms   ccr- 
Uuni)  '*isappoar  under  it,  they  are  only  rend(Te<l  latent,  an(J  reappear 
in  coupRi*   j^f*  tinjj.^  whereas  witliout    mercury   they  would  Iiave  run 
their  ooursj^j  jii  jIj^j  gpgj  instance  and  disappeared.     There  is  no  ques- 
tion that  a  certain  pnjportion  of  eases  of  syphilis  recover  without  the 
use  (H  TUerctiry,  an<I  indeed   without   ihn  use  of  any  drug.     In  many 
ot  Uiese,  however,  the  coiirse  of  tlie  disease  can  be  shortened  by  mer- 
cury, and  in  many  others,  in  which   the  symptoms  show  no  signs  of 
abating  unJer  hygienic  measures,  mercury  causes  a  rapid  and  perma- 
nent improvement.     A  certain  number  of  relapses  undoubtedly  occur 
ifter  the  mercurial  treatment  h.ia  Ixxmi   left  off,  but  it  seems  probable 
that  many  of  thest*  would  not  have  had  even  temp(trary  rt'lief  without 
'Ji'^rcury.     ^Vs  to  the  old  argument  that  tertiary  sypiiilis  is  caused  by 
tne  QgQ  Qf  mercury  in  the  earlier  stages,  it  has  In^en  shown  that  tertiary 
^m      ^jphilis  occurs  without  mercury,  and  that  the  lesions  caused  in  it  are 
H     ^Wfely  different  from  those  induced  by  this  metal.    The  opponents  of 
H     roepcQi-ja]  treatment  frt'ipiently  assuniu  that  it  is  ne<*ssarily  followed 
1^    V  <^hexia  and  by  all  the  tasting  disorders  which  its  abuse  leads  to. 
7^  the  present  time,  however,  mercury  is  administered  in  small  qiian- 
H  P^es,  and  sy philologists  are  agP(K?d  that  it  ought  not  to  be  allowed  to 
■  'fl'iUct*  any  but  the  earliest  symptoms  of  chronic  poisoning.     To  sum- 
'^riiSG  the  vifw  held  by  the  great  majority  of  authorities,  it  may  be 
"J**^   that  mercury  is  of  benefit  in  a  very  large  pro|>ortion  of  cases, 
Although  it  is  not  essential   to  the  treatment  of  some  favrtrable  ones, 
^^  that  it  is  unable  lo  arrest  the  progress  of  the  disease  in  a  certain 
P'^^jx>rlion  of  malignant  fnrms. 

■^  question  that  is  still  debate<l,  and  which,  like  the  other  matters  of 
*'**^bt  concerning  the  mercurial  treatment  of  svphilis,  has  given  rise  to 
***  Overwhelming  literature,  is  whether  mercury  ought  to  lie  exhibited 
^'j  s*>on  as  the  diagnosis  of  primary  syphilis  is  iiia<ie,  or  whether  the 
^cnt  oi  the  secondary  stage  is  to  be  awaited,  I'ractice  diifers  in  this 
t*<M5t,  but  probably  the  majority  of  physicians  do  not  prescribe  roer- 
*^  until  some  secondary  symptom  makes  its  appearanee,  and  then 
**tinue  its  administnition  until  the  disease  disappears,  or  until  sali- 
^^on  or  stomatitis  warns  against  its  further  use.  Some  authorities 
mniend  tlmt  mertrury  be  continued  for  months  ailer  the  secondary 
•y^ptoms  have  been   relieved,  in   order  to  prevent  relapse,  but  this  is 

•|^*ft  rigidly  carried  out  now  than  in  the  earlier  decades  of  last  cenlur)', 
*'*  ttTtiary  syphilis  mercury  is  generally  considered  inferior  to  the 
*'Hl^^i^Mi^  l)Ut  when  the  disease*  attu*rks  any  important  organ,  such  as  the 
btaia  or  eye,  mercury  is  more  reliable,  or  b*>th  mercury  and  iodide  may 
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be  prescribed  together.     In  hcrcditaxy  syphilis  mercury  is  muob  more 
efficient  thnii  iodides. 

Mercury  has  been  used  in  syphilis  in  a  hirge  number  of  forms,  nnd 
of  late  years  new  preparations  and  new  methods  of  adrainistraiioo 
have  Bucoeeded  each  other  so  rapidly  that  it  is  impoasible  to  discua 
tliHni  all.  Formerly  mercury  was  given  />y  tht  mouth  t>r  by  inunotioo, 
and  apart  from  the  .sjiecial  clinics  and  ihe  syphilologists,  the  internal 
treatment  is  still  the  most  [topular  one.  The  prt'imrations  gencrallj 
used  for  internal  administration  are  ourrosive  sublimate,  calorael,  or 
the  metallic  preparatiims  —  blue  pill  and  gray  powder  —  the  last  being 
used  most  widely  in  England.  Calomel  and  the  metallic  pre|>apJtioM 
are,  however,  verj'  lial)lo  to  induce  diarrhoea,  from  their  being  ii)Njluble 
and  thus  pa.-wing  into  the  intestine  before  being  alworixMl,  and  ojiiiini 
is  tlierefore  often  prescribed  along  witli  them.  Calomel  is  also  crwlit«l 
with  causing  salivation  and  stomatitis  more  readily  than  the  other 
preparations,  {)erha|>8  because  it  is  more  difficult  to  gauge  how  niticli 
of  it  is  abst>rl»ed  than  in  the  case  of  the  soluble  perchloride.  Mirciin 
administered  by  the  mouth  is  in  all  eases  more  liable  to  deranp:'  tlie 
digestion  than  wheu  administered  by  other  cliannels.  AecordingWt 
imindioti  was  introduced  to  avoid  the  disturbance  of  the  stomach  aud 
intestine  caused  by  the  local  action  of  the  mcrt^ury,  while  that  due  to 
its  excretion  along  Uie  alimentary  tract  rctnained  unchanged.  By  ibis 
methotl  the  mercury  is  rubbe<i  into  the  skin  in  the  form  of  ointment; 
that  most  frequently  used  consisti*  of  metallic  mercury  suspended  In  6 
state  of  fine  division  in  lard,  but  others  have  l>een  suggested,  such  as 
the  oleate  of  mercury,  the  ointmejit  of  the  yellow  oxide,  and  mercury 
soaps.  The  first  is  less  irritant,  however,  and  has  entirely  supplanted 
the  others,  which  never  enjoyed  a  very  wide  |K»pularity,  The  Ktion 
of  merc'ury  is  somewhat  more  slowly  elicited  by  this  method  tlian  wIjcd 
it  is  administered  internally,  but  lasts  longer,  and  the  digestion  is  If* 
liable  to  be  disturbed.  The  mercury  is  ahsorbe<l  in  the  form  of  I 
proteid  cunibinalion  from  the  gland  ducts,  and  probably  a  small  finnij" 
tity  is  inhaled  by  the  lungs  as  vapor.  The  objection  to  the  method  k 
that  it  is  in<!fHivenient  and  uncleanly,  and  that  it  is  even  less  possibk 
to  estimate  the  amount  of  mercury  actually  absorbed  than  when  it  » 
given  by  the  mouth.  One  mse  of  fatal  poisoning  has  liecn  recorufti 
from  the  ointment  being  applied  to  sore  bauds.  Instead  of  mercury 
ointment  being  rubl>ed  into  the  skin,  one  of  the  plasters  or  lint  «"*' 
taining  menrurial  ointment  (Weylander)  may  be  applied  to  it,  pennit- 
ting  of  the  continitous  aL>^orption  of  small  quantities  by  tlie  skin  atin 
by  inhalation  of  the  vapor. 

In  18G7,  Lcwin  intrf>duce<l  the  ht/poile/'mic  or  intramutu'^ulttr  injdif^ 
of  a  dilute  solution  of  corrosive  subliooate,  and  this  has  beeu  very 
widely  piiictiswl  of  late  years,  and  with  great  mic<^ess.  The  advantagf* 
of  the  methiMl  aiv  the  avoidance  of  digestive  disturbance,  which  is 
shared  by  the  iuuiiuliiui  iuethf«l,  its  cleanliness,  the  more  accumtc  cti- 
miition  of  the  amount  of  mercury  actually  administered,  and  (he  greater 
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idity  of  aclittri.  Its  chief  disadvantage  is  the  pain  caused  by  Ibe 
Ktioiif  which  ha.s  to  l)o  rcpeat4,Hl  daily  ;  some  inrtaiiimation  and 
sUing  follow  iinmwliately,  but  no  sti|>|>iirati(m,  when  ordinary  care 
lakeu  ;  but  tlie  pain  1:3  very  intense  and  pcriji^tent  and  many  patients 
kise  to  continue  the  treatment.  Salivation  is  said  to  follow  this 
(Ihod  more  seldom  than  any  other,  and  relief  from  the  «econdary 
phililienymptoms  is  gained  sooner.  Lewiri  continues  to  use  the  |H?r- 
loride  solution  and  prefers  it  to  any  of  the  mixlitieatitins ;  otiiers 
ive  addeil  morphine,  or,  more  recently,  cocaine,  in  <irder  to  lessen  the 
in,  hut  this  is  to  be  deprecated  from  the  <laH|;er  of  the  habit  being 
hned.  The  addition  of  chloride  of  sodium  t*'iids  to  prevent  the  pre- 
fitaiion  of  proteids  by  the  |KTchloride,  atul  a  Boliition  of  |H*rchlori<lo 
mercury,  with  ten  times  its  weij^ht  of  cximuion  stdt  or  of  urea  has 
ferefore  h&sw  advfK'ated»  while  i>thers  have  UKed  the  pept»»natc  or  the 
Ruminate  of  mercury  dissolvM  in  salt  solution.  Mercury  has  a  strong 
laity  for  the  amido-jrroup,  anti  in  combination  with  it  has  little  ten- 
Oey  to  precipitate  prutei4ls,  and  tliis  has  led  tn  the  use  of  preparations 
mercury  with  the  amidif-acids,  such  as  glycocoll,  f<tnuaiaide  or  suc- 
liraide.  >[any  of  these  methods  are  said  to  lessen  the  painof  hy|K>- 
i'rnic  injection,  but  dn  not  remove  it  entirely,  pn>ba}>ly  because  the 
Pious  compounds  underp^o  some  diss<iciation  in  the  ti.s8ues,  and  the 
e  mercury  ion  causes  the  same  irritation  as  if  the  perehloride  had 
>n  injected. 

Iiistend  of  the  sohd>le  preparations  of  mercury,  whieh  necessitate 
^painful  injections  being  re|>eated  daily, /«W«/j/r  ttaks  have  been 

tsd,  with  the  idea  th:»t  these  being  slowly  dissolve<l  and  absorbed 
the  seat  of  injectioUj  a  quantity  sutlicieut  for  several  days  may 
IS  be  given  at  one  time.  Instead  of  injecting  these  iusohible  prep- 
(tioiis  hypfMlermicjdly,  they  are  often  thrown  into  the  mus<nilar  tissue, 
cording  to  tlie  advocates  of  this  mt-thod,  it  causes  less  imme<liate  ]min 
(D   perchloriile  injections,  but,  as  solution  takt-s  }»lai*c,  and  the  mer- 

r  attacks  the  tissues,  the  part  iK^cimies  extremely  painful,  swollen, 
inHamcd.  Suppuration  and  even  gangrene  have  been  developed 
ft  very  consideml>le  number  of  cases,  and  in  others  s«?vere  or  fatal 
ntury  ]K>i9oning  hjis  been  observed.  The  advantages  of  the  method 
that  the  phyyieiaii  has  not  to  visit  the  |*atient  every  day,  and  that 
(  injection  need  only  l>e  made  once,  or  at  most  twice  a  week.  On 
I  other  hand,  the  l*ical  lesions  are  often  very  severe,  and  the  amount 
inerenry  absorbefl  cnnnot  be  controlled  in  anyway.  It  hiis  the  ad- 
itage  over  the  adniinistnition  p<^r  os  that  the  digestion  is  not  so 
ole  to  be  interfered  with,  but,  as  has  been  ^aid,  the  danger  and 
|p  are  V4*ry  much  greater.  Many  authorities  therefore  deprecate 
j  use  of  these  insoluble  preparations  by  injection,  but  a  considerable 
(nber  of  syphilologists  still  persist  in  their  use,  and  now  preparations 
fe  been  intro<luc4?d  for  this  pur]x>se  in  large  numbers.  Those  most 
nmonly  used  are  calomel  iu  salt  solutitMi  or  in  licpitd  paniiVin,  uie- 
lie  mercury  in  very  fine  division  suspended  iu   liquid   paraffin,  the 
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sitlicylate,  benstoate,  and  the  tbyniol-acetate.  The  oxuli^  have  iilsn 
been  proposed  and  many  other  preparations  bave  rect^ived  a  trial  U 
this  method. 

Other  methods  of  introdaeing  mercury  into  the  tissues  are  more  nnly 
em]>loyed.  The  inlravmous  injection  of  ihc  ix*rrhlundc  hoe  been  mggtcted 
for  the  treatment  of  ai^K^H  in  which  there  \»  urjient  Imste,  hut  hofl  mrv-Iv  htea 
tiirrieil  out,  and  is  likely  to  provr;  dangerous  from  the  fonnatiou  of  emboU, 
and  uls<>  from  the  elFecls  of  mercurj'  on  the  heart  when  thud  applied. 

Supptmtorir8  of  mercurj'  have  been  u^ed  to  some  extent,  and  are  eaid  Iff 
dij*turh  the  di^e^tion  leas  than  the  administration  per  os. 

Mercury  fuuugaiions  have  also  been  praetised  to  a  limited  extent,  1^ 
vapor  of  mereury  being  freed  by  heatinj;  ealomel  or  the  sulphide.  Thci»- 
tieut  siti*  in  u  wowlen  tent  up  to  his  neck  and  (be  meTcury  depfiflitcd  oii  tht 
ekin  i?  absorbed.  The  method  is  very  cumbroiuii  and  the  quaotily  o(  miN 
curj'  tAken  up  cannot  be  controlled. 

Mercury  was  recomn»eu<led  by  Hamilton  in  the  boj^inning  of  Lwt 
century  in  the  treatment  of  Acute  Febrile  Affections,  and  the  greatest 
abuse  unquetstionably  prevailed  in  the  earlier  deeadop.  iJuer  its 
sphere  of  uHefulnesM  was  restricted  to  the  treatment  of  inHammatioD  of 
the  serous  membranes — pleurisy,  meningitis,  pericarditis,  peritouiliB— 
and  nuuiy  physirian8  etill  maintiiin  that  it  checks  the  ofi'usion  and  pn>- 
motes  the  healing  of  tliesc  diseases.  Others  deny  tliat  niercurv  [Mt- 
eesses  any  virtues  in  tbe;^  cases,  and  its  use  is  undoubtedly  beeouiinf; 
more  limited ;  in  acute  iriti.s  it  is  still  used  almost  ui»iversallv.  In 
these  cases  it  is  always  administered  by  the  mouth  in  the  form  of 
calomel,  blue  pill  or  pray  pnwiler. 

As  a  Purgative  mercury  is  very  frequently  prescribed  in  "biliooft- 
ncs.s,"  and  in  putrefactive  diarrh(.ea.  It  acts  partly  fivm  its  auti«o[»(io 
power,  but  mainly  by  removing  the  putrefying  contents  fmrn  the  in- 
testine;  calomel,  blue  pill,  or  gray  powder  is  usually  employed  with 
or  witliout  the  addititm  of  a  vegetable  purge. 

Calomel  has  proved  of  only  doubtful  value  as  an  intestinal  antisep- 
tic in  typliotd  fever,  dysentery  and  other  similar  (N>nditions. 

Calomel  and  ulher  mercurials  have  long  been  known  to  he  of  value 
in  cases  of  Dropsy,  but  Jendrassik  deserves  the  cre<lit  of  haNnng  re- 
vive<l  tlirir  eriipUmncnt  as  diuretics,  for  this  use  of  mercun*  had  falVn 
into  oblivion.  The  best  preparation  is  calomel,  given  in  0.2  ti.  (3 
grs.)  doses  three  times  a  day  or  in  0.1  (i.  (2  grs.)  doses  5-10  tinirf  « 
day.  It  is  of  great  value  in  certiiin  cases  of  winliac  drof)ey,  Iml  is 
less  reliable  in  the  accumnlations  of  fluid  met  with  in  hepatic  or  rriial 
disease,  altlmuijb  here  iot>  its  administration  is  sometimes  follows*!  lij' 
the  rapi<]  exereti(>n  of  the  fluid.  It  does  not  seem  to  be  contraimii- 
cateil  in  chronic  nephritis,  although  its  action  has  to  be  carefully  cod- 
trolled.  It  has  no  effect  in  removing  the  exudations  tif  acute  inflam- 
mation such  as  pleurisy. 

Mercury  is  used  Externally  as  an  Antiseptic  wash  in  surgical  openr 
tions,  chiefly  in  the  form  of  the  perdiloride,  but  alscj  as  the  eyani<le 
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_  cycv'anulo.  It  is  irritant  to  wouud.s,  however,  aud  is  liable  to  l»c 
sorbca  vvhon  applied  to  larpe  surfaces,  and  several  cases  of  fatal 
poisoning  havu  Wn  rt'c-opiled  from  the  use  of  even  the  most  dilute 
lolutions  of  oorrosive  sublimate  to  wash  out  the  uterus  antl  vagina. 
These  preparations,  more  esj)eeially  the  perchloride,  have  also  the  d1^ 
nlvontage  of  attacking  steel  iiistmraeuts. 

NuratTous  oiiitincnt.s  have  been  applieil  externally  in  the  treatment 
of  Skin  Diseasea,  ^mrtlcularly  those  of  a  parasitic  nature,  such  as  itch, 
Md  in  coudylomata,   ulcei*s   and  skin   diseases  of  syphilitic  origin. 
These  preparations  combine  an  anlistptic  with  a  more  or  less  irritant 
■ction,  and  unlike  earlx^lic  at*id  and  its  allies,  are  equally  powerful 
■ntiaeptics  in  ointment.s  and  in  water.     The  least  irritant  of  the  plmr- 
flteoopceral  ointments  is  the  mercury  ointment;   then  the  oleate,  yel- 
low oxide,  reil  oxide,  and  ammoniate^l  mercury  follow  in  order,  while 
<?itrme  ointuii'nt  is  much  more  irritant  and  corrosive.     Other  external 
applications  are  the  plasters  and  the  black  and  yellow  wa*?li.     Oint- 
'opnt^  containing  calomel,  corrosive  fiublimate,  and  other  preparations 
ttfe  sometimes  prcscril>ed,  or  calomel  may  l)e  used  as  a  dusting  powder 
'**  syphilitJQ  ulcers.     The  mercury  ointments  are  fn?quently  applied  to 
"*•'  eve,  the  milder  ones  as  antiseptics  aud  slight  irritants,  citrine  oint- 
'Oeut  to  destroy  grannhitions. 

Mercurial  ointments  are  sometimes  employe*!  to  promote  the  al>sor|>- 
''»>u  of  subcutaneous  effusions  aud  to  rediKre  swellings.     They  are  not 
**Jperior  to  other  irritants  for  this  purpose,  however,  and  have  the  dis- 
*^Vantage  of  permitting  the  absorption  of  a  dangerous  jwison. 

The  nitrate  of  mercury  and  its  ointment  (citrine)  are  sometimes  used 

**  caustics  for  application  to  the  os  uteri,  condylomata  and  elsewhert*. 

Mercury  treatment  U  Oontraindicated,  or  rc(piires  s|>ecial  caution  in 

^^es  of  profound   cachexia,  we;ikness,  or  amemia,  unless  these  arise 

^^'n  syphilis.     Where  the  digestion  is  weak,  it  ought  to  Im*  avoided  if 

P^*^ible,  and  in  cases  of  tuberculosis  there  is  always  the  danger  thai 

**®  disturbance  of  the  digestion  may  accelerate  the  course  of  the  dis- 

f*^.      In  severe  nephritis  it  is  als<»  to  be  used  with  caution,  although 

.    J8  beoeficial  in  some  cases,  and  although  some  authorities  deny  that 

^  *«  injurious  even  when  it  has  no  diuretic  action.     In  pregnancy  raer- 

^*7  is   not   absolutely  contraindiwited,  at  any  rate  up  to   the  sixth 

''*'^nth.     Later  it  is  liable  to  injure  the  patient  by  its  action  on  the  di- 

ft^^tion,  and  in  some  cases  has  inducc<l  abortion  ;   the  child  may  also 

***Cer    from   mercurial    i)oisoning.      Mercurial   ointments  or  dusting 

P'^^^ders  have  to  be  used  with  care  when  iodides  arc  being  administered 

^^temally,  as   the  iodide  excrete<l   forms  the  iodide  of  mercury,  and 

r**is  may  cause  violeut  corrosion.     Thus  in  the  eye,  severe  efft»cts  have 

*^*^n  induced  by  the  application  of  calomel  to  the  coniea  while  iodide 

^aa  being  given. 

In  eases  of  Acute  Oorrosive  Poisoning,  the  indications  are  the  evac- 
^tion  of  the  stomach,  pretcrably  by  the  stomach  tube.  Tannic  acid, 
Or  eggs,  milk  and  other  albuminous  substances  may  be  given  to  pre- 
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cipitato  the  metiil  and  protect  tbe  muwm;*  niemhrane.     The  treitm 
of  the  later  symptoms  is  tbe  Rame  as  timt  of  the  chmnic  form. 

In  Chronic  Poisoning  tlie  golivatioii  and  stoDiathis  are  trratnlhy tlie 
use  of  eiiUirate  of  jwtash  solution  ua  a  mouth  wat^h,  and  its  frto  a|t|iliui- 
tion  during  mercurial  treatment,  along  with  careful  brushing  of  the 
teeth,  U  l>elieved  by  mot^t  phviiicians  to  hinder  the  on(«t  of  tbti 
symptoms.  Tannic  acid  solution  is  also  recommended  as  a  mouth  wa^b. 
The  diarrhrea  may  Ix*  treate<l  with  opium,  the  other  symptoms  on 
ge?»oral  principles.  In  any  case  the  drug  ought  to  be  abaudonetl,  or 
the  dose  much  reduced  as  soon  as  the  salivation  becomes  marked.  Id 
chronic  poisoning  not  arisin|;r  fn>m  the  therapeutic  use  of  the  dnig, 
iodide  of  potassium  is  generally  prescribed,  although  its  utility  has  Dot 
yet  been  placed  l>eyond  question.  Sulphur  baths,  and  hot  baths 
without  sulphur  are  aLsO  reoommended. 


Preparations. 

HTI>RA.RayBI   ChLOBIBUH    CORBOBIVTTM    (U. 


S.    p.),    HTDRABOrU 

CHLORiinrM  (B.  P.),  corbosive  BiTBLiMATK  (HpClj),  forms  h«i\'y,  color 
crjstals,  witlioiit  o<lor,  but  pos-sessiiig  un  acrid,  metallic  tuste,  .soluble  in  16 
parts  of  cold  water,  iu  2  parts  of  boiling  wat«r,  Id  3  parta  of  alcubo),  and 
in  4  parts  of  ether. 

Liquor  ]Iyi>rabuyri  Pebchlobidi  (I^.  P.)  contains  -^  gt-  in  a  fluid 
dr.,  4-1  fl.  dr, 

Corroeive  sublintato  is  one  of  the  uo^^t  irritant  priparations,  and  ^  rapidlT 
absorbed.  It  is  usied  iutenially  in  syphilis,  O.OOS-O.OlI  G.  (1*5-4  gr.),'  in  iw 
per  cent,  solution  and  i^  also  injeeted  hypodermically  iu  0.6  pej-  ci-ut.  fioiu- 
tion,  2  CO.  (.10  miiiK.)  daily.  This  Aolutinn  is  often  iimde  up  with  (JperrfHt 
of  sodium  chloride  or  urea.  Perohloride  of  mci-cury  is  less  tiahlc  l4>  indnct 
Balivaliou,  but  di.*fturbs  the  digestion  more  tlian  other  prefiarations  wb^n 
fpvcn  internally,  while  its  hypodermic  injection  is  exceedingly  painful.  H 
baa  induocd  faUil  |>oi8oning  in  the  dose  of  0.18  G.  (3  grs.),  taki'D  by  the 
mouth,  but  in  other  easses  mu<'h  larger  qiiantiliea  have  been  reeov«rt*d  ftw- 
It  is  stated  that  upium  entern  can  take  enormous  quantities  without  evil 
etfects. 

It  is  u.^ed  extensively  in  surgery  as  an  antiseptic  solution  (1  In  2,000-4,000^ 
to  disinfect  the  hands,  wounds,  etc.,  but  is  irritant  to  dclieale  lissac*,  sut'b 
as  the  ijeritouuum,,  and  corrodes  steel  instruments.  It  is  also  used  in  Hi* 
forai  of  a  soap  and  to  impregnate  bandages,  cotton-wool,  gauze,  ralg«i 
and  silk.  It  preserves  its  antiseiitic  action  in  oils  and  oinlnients.  It  bfts 
t»een  UBe<l  to  a  limited  extent  iu  skin  diseases  in  solution,  iu  Itaths,  <)r  iB 
ointment^  as  a  local  application  in  diphtheria,  and  a^  an  intestinal  auli^t-jitic 
in  putrefactive  diurrhiea,  t>"X)hoid  fever  and  cholera. 

The  albuminate  and  peptonaie  of  raercnrj-  are  formed  by  precipitating  » 
solution  of  cjSff  uUnimin  or  of  meat  peptone  with  a  five  per  cent,  solution  of 
corrosive  sublimate.  The  preoipitate  is  collected,  washed  and  dissolved  in 
20  per  cent,  chloride  of  so«iium  solntion.  It  was  hoped  that  these  prepai** 
tions  would  not  cause  irritation  and  pain  when  injet'ted  snWutaneously,  t«t 
this  anticipation  has  not  been  fulfilled  and  they  have  fallen  into  aloioet 
complete  disuse.     They  are  not  ofliciat. 

Hydrnrijtfn  Cyanidum.  mercuric  cyaniile  IHg(CN)J,,colorie«8 crystals,  withotti 
odor  hut  with  a  bitter,  metallic  laste,  sMiluble  in  about  12  iwrts  of  water,  in  15 
parts  of  alcohol.  The  cyanide  resembles  U»e  pcrehloride  iu  its  action  luid  ha» 
been  used  hypodermii-nlly  in  syphilis.      As  a  surgical  antiseptic  it  \a  t>«|U:tl  ui 
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*  The  B,  P.  gives  as  the  doae  of  corroiuve  sublimate  and  the  red  iodide,  I'l-i'f  P- 
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sablimftte  and  attacks  steel  instruuieota  leas.     Doee,  a&  of  corrosive 

Tbe  otycyanidii  of  mercury  (Hg^OfCN),)  is  also  uwmI  to  form  nn  ivntUe[>tio 
biioQ  in  Hurgery.  Tht^  double  cyanide  of  mercury  uud  zinc  has  been  recom- 
Dnended  by  Lister  for  this  purpose. 

HfUKA.ROirRl  IoDii>UM  KutiRCM  (U.  S,  P,,  B.  p.),  red  iMlide  of  mercury, 
Uaiodifle  of  mercury  (Hgl.),  a  searlet-red,  amorphuus  powdor,  titstiOoHii  and 
odorle:^,  almost  insoluble  in  water,  hut  sohiblo  in  solutiou  of  iodide  of  po- 
toHUm.     0.005-0.02  O.  (,",-1  ^r.),  (B.  P.^Ws  gr.). 

HUd  prepAmtion   is  very  stildom   prew^ribed  im  such,  hut  ia  frequently 

J^rmel  by  prescribinR  a  mixture  of  corrosive  RubliinuU-  und  potassie  iodide, 

when  the  ioilido  of  mercury  is  formal  and  is  kept  in  solution  by  the  excess  of 

"lo  iodide  of  i>otiissium.     This  presfription  is  i)fU'u  iudicutt'd  iu  the  trausi- 

Woiufcl  period  between  secondary  and  tertiary  syphilis,  and  even  when  the 

'*!rtifi.ry  gymptoms  aro  fully  develup<.'d. 

■f^i^uor  Arseni  ct  Htjdrargyri  lodidi  {II.  S,  P.,  B.  P.),  Donovan's  solution, 
o^itciin-^  one  per  cent,  eiich  of  anwmic  iodide  and  red  mercuric  iixlide.    Use*! 
•«  a  tonic  in  syphilitic  and  other  ctises.     0.3-1.3  c.c.  (5-20  mins.). 
^rxgurntum  Hydrurgyri  lodidi  Rtibri  (B.  P.),  4  per  cent. 

H  YDRAIWJYRI  CHLORIDUM  MiTK  (U.  S.   P.),  HyDBABCVTH  SmCHLORtUtTM 

v»-  t*.),  mild  mercurous  chloride,  calomel  (Hg,Clj).  a  heavy  white  powder 
^''it-lioot  odor  or  taste,  insoluble  in  water,  alcohol  and  ether.  U.OS-0.3  G. 
i^ — S  grs.)  in  powder,  less  suitably  in  pill  form. 

-'^i/utef  Antimonii  ComposiUi  (U.  S.  P.),  PiluUi  Hydrargyri  SubchUtridi  Com' 
P^»^£t4i  (B.  P.).     t5ee  Antimony,  piij^e  G33. 

•  K^ingurrUuHi  Jlydrargyri  ISubchlortdi  (B.  P.),  10  per  cent. 
C^alomel  is  contained  in  the  cumixiund  cathurtic  pill  U.  S.  P.  (p.  105). 
C?alomel  is  used  in  syphilis  (dose,  0.05  (J.  (1  gr.)  thrice  daily),  but  is  credited 

^•"it-l:!  being  more  liable  to  indues  salivation  than  other  preparations,  and  ita 
t*ia  iTjfjiLive  action  oftt-n  htu  to  Ix*  eoiintenict<*d  by  npium.  A  siispen^tion  n(  1 
l^^rt,  calomel  in  20  part-*  i»f  10  percent,  suit  s<>luti*in  orof  li<iiiid  |)HrHt!ir)  is  often 

■  *'»i*i*:tcd  into  the  bullock  in  syphilis;  the  dosi'  "f  atlornel  by  this  niethiMl  is 
*^-  OS-0.  t  G.  (1-IJ  gr^.)  once  a  week.  As  a  purjn*  and  intent insl  disirifeitanl  it  is 
*^*  X'alue  in  biiioii-iness,  and  in  the  iliarrhasi  nI"  putrefaction,  \o»s  w>  in  disenia's  in 
^■"^ich  the  intrstiniil  wall  is  (he  sitenf  iufoction.  as  in  typhoiil  fever  and  cholera. 
^-'**-l  «)mel  causes  les«*  irritation  and  cnlic  than  most  other  purpes,  and  small  doHCS 
■^*^^  followed  by  only  one  evacuation.  It  may  therefore  be  given  where  pre- 
*^i«ting  irritjition  of  the  intestine  conlmindif«tea  the  use  of  most  other  pur- 
K^^t-ive^.  Calomel  is  often  advistul  in  hepatic  alTections,  but  it  is  a  question 
^**«ther  it  has  any  elTcet  here  except  as  a  purge.  It  is  of  great  value  in  some 
?****»iMi  of  dropsy,  especially  tho:?e  of  canliac  origin,  in  which  it  is  administered 
*^  C5.2  O.  (3  gr.)  doses  thrice  a  day  for  2-4  days,  and  is  stopped  as  soon  as 
~J*^  diuresis  sets  in.  The  treatment  may  be  repeated  if  the  drupsj'  returns, 
"^^lialies  are  often  added  to  odonie!  prescriptions  on  the  ground  that  in  this 
y^^j  there  is  leas  danger  of  the  calomel  being  ehauEcd  to  corrosive  sublimate 
^*^  tb«  stomach.  For  the  same  reason,  acid.'*  ure  often  avoided  for  some  time 
^t«r  calomel  is  taken.  As  a  mutter  of  fact  these  fears  are  quite  groundless, 
^*  calomel  is  not  changes]  to  the  perchloride  in  the  stomach  and  it  is  thero- 
'^Te  quite  unneccasarj'  to  add  alkalies  to  calomel. 

Calomel  has  been  used  externally  as  a  dusting  powder  for  s>i)hilitic 
^Oindylomata,  as  a  slight  irritant  to  the  cornea  and  as  an  ointment  in'pruritus 
^d  other  skin  disea^tes. 

ffydrargyri  Todidum  Flm^um  (U.  S.  P.),  yellow  or  green  iodide  of  mercury 
(HgjI,).  a  bright  yellow  amorphous  powder,  tasteless  and  odorless,  insoluble 
in  water,  alcohol  or  ether. 

It  has  been  used  iu  syphilis,  with  the  idea  of  uniting  the  virtues  of  the 
iodides  and  of  mercury.  But  the  quantity  of  iodide  is  alt<»gvther  inadtMiuate. 
O.OS-0.:2U.  Cl-3gra.). 
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llYnRAROYRUM  CUM  Creta  (U.  S.  P.,  B.  P.),  mercury  with  chalk,  okay 
POWDER,  is  formed  by  rubbing  up  metallic  mercury  with  chalk  and  honey 
(U.  S.  P.)  uutil  the  mercury  is  divided  into  very  fine  globules,  each  encased 
in  chalk.  It  forms  a  light-gray,  somewhat  damp  powder,  without  odor  and 
with  a  sweetish  taste  from  the  honey.  The  mercury  (38  per  cent.  U.  8.  P., 
33  per  cent.  B.  P.),  remains  in  the  metallic  state,  very  little  oxide  beio^ 
formed.  It  is  insoluble  in  water,  alcohol  and  ether,  and  is  always  prescribed 
in  powder  form.     0.1-0.5  G.  (2-8  grs.). 

Massa  Hydrargyri  (TJ.  8.  P.),  mass  of  mercury,  blue  mass,  BLtne  pill, 
is  formed  from  metallic  mercury  by  rubbing  it  with  Mel  Rosee,  glycerin,  al- 
thaea and  liquorice  until  the  globules  are  invisible  under  a  lens  magniiying 
ten  diameters.  The  blue  mass  contains  about  33  per  cent,  of  mercury  almost 
entirely  in  the  metallic  form.  It  is  of  the  consistency  of  pills  and  is  always 
prescribed  in  this  form.     0.2-0.5  G.  (S-8  grs.). 

PiLULA  Hydrargyri,  blue  pill,  the  corresponding  B.  P.  preparation, 
is  made  up  with  confection  of  roses  and  liquorice  by  rubbing  them  with 
metallic  mercury  until  the  globules  are  no  longer  visible.     4-8  grs. 

These  preparations  are  very  largely  used  as  mild  mercurial  purgatives, 
the  blue  pill  being  frequently  reinforced  by  the  addition  of  one  of  the  vege- 
table purges.  The  gray  powder  is  especially  adapted  for  children,  and  is  of 
value  in  summer  diarrhoea  and  other  similar  conditions.  Blue  pill  is  often 
given  in  cardiac  dropsy  along  with  squills  or  digitalis,  but  has  proved  inferior 
to  calomel  as  a  diuretic.  Gray  powder  is  held  by  some  authorities  to  be  the 
best  form  for  the  internal  treatment  of  syphilis,  and  is  given  in  doses  of  0.05 
O.  (1  gr.)  3  to  5  times  a  day  ;  if  necessary,  opium  may  be  given  to  prevent 
purging.     The  blue  pill  may  also  be  used  in  syphilis  and  is  less  liable  to  purge. 

Unguentum  Hydrargyri  (U.  S.  P.,  B.  P.),  mercurial  ointment,  blue 
OINTMENT,  is  formed  by  triturating  metallic  mercury  with  lard  and  suet  and 
oleate  of  mercury  until  the  globules  are  invisible  when  magnified  ten  diam- 
eters. The  ointment  contains  about  one  half  its  weight  of  metallic  mercury 
along  with  a  small  proportion  of  oleate. 

Unguentum  Hydrargyri  Compositum  (B.  P.)  contains  camphor  and  is  some- 
what weaker  than  blue  ointment. 

Unguentum  Hydrargyri  Dilufum  (U.  S.  P.)  contains  2  parts  of  mercurial 
ointment  with  1  part  of  petrolate. 

The  famous  blue  ointment  is  used  largely  in  many  forms  of  skin  diseases, 
especially  in  those  of  syphilitic  origin,  and  was  formerly  the  ordinary  t^ieat- 
ment  for  scabies,  in  which,  however,  it  has  been  supplanted  by  balsam  of  Peru 
and  other  remedies,  though  it  is  still  used  occasionally  to  destroy  pediculi. 
The  most  important  purpose  for  which  blue  ointment  is  applied  at  Hie  pres- 
ent time  is  the  treatment  of  syphilis  by  inunction.  For  this  purpose  2--4  G. 
(i-1  dr.)  is  rubbed  in  daily  in  different  parts  of  the  body,  in  order  to  avoid 
the  irritation  induced  by  applying  it  repeatedly  to  one  spot.  A  warm  bath 
is  taken  first,  and  the  patient  then  rubs  in  the  ointment  on  the  inside  of 
the  thighs,  next  day  on  the  inside  of  the  arms,  on  the  following  days  on 
the  forearms,  legs,  abdomen  and  back,  returning  to  the  thighs  on  the  seventh 
day  and  repeating  the  series.  The  treatment  is  continued  for  a  fortnight  or 
three  weeks.  This  method  has  the  advantage  that  the  digestion  is  less  af- 
fected than  when  the  drug  is  given  internally,  but  on  the  other  hand,  the  mo*- 
cury  is  more  slowly  absorbed  than  by  other  methods ;  and  no  estimate  of  the 
quantify  really  taken  up  can  be  formed,  as,  although  the  patient  is  directed 
to  rub  it  in  until  the  whole  disappears,  the  instructions  may  be  imperfectly 
carried  out.  Salivation  is  not  so  readily  produced  as  by  the  administration 
per  OS,  but  when  it  occurs,  it  lasts  longer  and  may  become  severe.  One  case 
of  fatal  poisoning  has  been  recorded  from  the  application  of  the  ointment,  but 
in  this  case  the  skin  appears  to  have  been  broken.  Skin  rashes  are  more  fre- 
quent from  inunction  than  from  any  other  method  of  application,  and  finally, 
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the  metbcxl  ih  extit'mely  ioconvenieiil  and  dirty.  The  patient  ouf^ht  to  c-orry 
out  the  inuovtioD  himsoLf,  lor  auy  other  person  doin^  hu  may  iicquii-e  chrunio 
poiddiiiug  from  alteorptum  through  the  hands,  uiid  even  if  this  is  preveuttd 
by  the  iL-w  of  gloves  of  India-rubher  or  oiled  bladder,  .Munit'  lueitiuy  may  be 
absorbed  by  the  lunjpj.  la  children  the  ointment  \a  often  uii|ilied  by  spiraii- 
ing  it  on  a  ttuuduge,  which  is  then  applied  an>und  the  wui^l.  In  skin  diactuse 
and  in  very  hirsute  iudividuaU,  the  iimuution  treatment  Uiniiiost;ible. 

Oirttm  (^tirrrum,  or  gray  iiil  (not  offKial  I,  is  a  8U!»pensi«in  of  moUiUie  men-unr 
in  li^piid  paralHn  or  in  lanolin  and  oil.  and  in  used  in  I'vphiliit  by  intmnitiMiilar 
injiT-lion.  It  often  ia  made  up  to  <»utain  21)  per  cent,  of  niereury,  and  the  diwe 
is  then  2-3  c.e.  once  u  week. 

Ofao/um  JTinirarfftfri  (U.  S.  P.),  Hytlrariff/H  OIea«  (B.  V).  oleate  ormereury, 
has  been  u^ied  for  tlic  ftjime  purposes  :i.-*  menurj*  ointment,  but  is  somewhat 
more  irritant  and  possessea  no  eompensiitinK  virtues. 

UnffUfntum  ITt/dnirffyri  Oieatin  (B.  P.),  1  part  in  4. 

Emplaatrum  nydmrgyri  (IT.  8.  P.,  B.  IV).  mereury  plaster,  is  formed  in  the 
same  way  a*<  the  ointment  hy  the  trituration  of  metallie  mercury. 

h'Mpla^rufti  Ainmonufri  rum  H*f*trtir<;t/ro  (\i.  P.)  is<  MmiUrly  formed,  bat  enn- 
tain?  Ie!*«  mercury  and  n  larpe  quuntity  of  a  (rum-ri'win  lammoniiici. 

These  plaslrns  are  sometinieB  applied  to  chancres  and  to  £>yphilitic  ulcers, 
and  mercury  plaster  has  l>cen  applied  iui^teadof  the  ointment  asa  treatment 
of  ^tj-philis. 

Linimrntum  Hydrurgtfri  (B,  P.). 

HrmtAnGYBi  OxinrM  Fi.AVirM  (U.  S.  P.,  B.  P.),  yellow  mercnrir  oxide. 

HvDKAKGVRl  OxiuVM  RuiiUUM  (IT.  8.  P.,  B.  P.),  red  mercuric,  oxide. 

Vnol'entum  IIydr.vboyri  Oxidi  Flavi  (U.  S.  p.  10  per  eent.^  B.  P,  2 
per  cent.). 

UxfiCENTVM  HrnRAROvia  Oxini  Hitbri  (U.  S.  P.,  B.  P.),  10  per  cent. 

The  two  oxides  are  identical  in  coiLslituliou  (Hgi)),  but  the  yellow  is 
ined  by  preeipilalion  iVum  the  percliloride,  the  red  by  oxidation  of  the 
a\  hy  means  of  nitric  acid.  Tbe  red  b*  crystalline,  the  yellow  amorphouBf 
and  both  are  prtu'tically  insoluble  in  water  and  alcohol,  but  are  soluble  iu 
acids.  The  red  oxide  is  more  Irritant  than  the  yellow  on  a^-i*ount  of  it« 
cr>*stalline  form,  jind  perhaps  also  be*rause  it  often  contain.-)  !*ome  nitrate. 
Tlie  yellow  oxitle  is  used  in  ointment  in  various  diseaaen  of  the  eye,  and 
both  are  employed  wa  applications  to  «>'philitic  ftoret*,  condylomata,  and 
chancres,  althouf^h  the  retl  i^  often  preferred  for  this  puqjose.  They  have 
uLni  l>een  propowMl  for  hy|HMlennic  injection  auspendetl  in  water. 

Two  famous  prepartitions  of  merc'ury  are  the  black  and  the  yellow  wa«h, 
the  former  prepannl  (Vom  <*alomel,  the  latter  from  curroi^iveMiblimut^  by  the 
lU'tion  of  Hmo  water.  The  black  wash.  iMio  Hydnirffyri  Sigra  {B.  P.).  con- 
tains mercuroiis  oxide  (Hff,0),  the  yellow,  Lofio  Hydrargyri  Flavtt  (B.  P.), 
mercuric  oxide  (Hg<>).  The  oxides  are  in  both  C4i."^'B  insoluble  and  the 
lotions  have  to  be  shukeu  before  application.  They  are  used  in  syphilitic 
Ic^onA  !is  local  remedies. 

IJydrtirgyrum  Ammoniatum  {V.  S.  P.,  B.  P.),  mercuric  ammonium  chloride, 
white  precipitate  (N'H^Hgt'l),  is  forminl  by  preeipitatinjr  corrosive  sublimate 
with  ammonia,  and  is  a  white,  amorphous  powder,  without  odor  and  with 
au  earthy,  metallic  ta.ste,  almost  insoluble  in  water  an<l  aUohol. 

Unguentum  Hydrargyri  Ammoniati  (U.  S.  P.,  B.  P.),  10  per  eenL 

The  whit«  precipitate  ia  not  used  internally,  antl  is  more  irritant  tliao  the 
oxides.  Tbe  ointment  ia  oexuisionally  applied  in  skin  disejL'U's  nnd  to  destroy 
parasites. 

Litpior  IJydrargyri  NUrath  (U.  S.  P.,  B.  P.).  solution  of  mercuric  nitrate, 
contuiui»  nljiiut  <»0  jwr  cent,  of  the  nitrate  (1Ik(NO,),j  ahuijc  witb  about  11 
per  cent,  of  free  nitric  acid.  It  Is  a  powerfully  corrohivc  Huid  which  is  used 
to  cauterize  the  os  uteri,  cancen*  or  condylomata.  Symptoms  of  mercury 
poisooiog  have  arisen  from  its  application  to  the  db  uteri. 
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^'^n  (liflTers  from  tlie  other  !»cavy  metals  in  being  essential  to  the 

'"P  of  many,  ]ierha|>8  all,  furms  of  protopla.'^m.     In  the  vertebratt.'s  this 

*■'*  "Oscurf**!'  i)y  the  fact  that  most  of  the  inm  is  contained  in  the  hwmo- 

.S'ohiii  of  the  blood,  and  its  importance  in  the  other  tissues  is  generally 

^"ortxl.     In  the  invertehnites,  Imwever,  in  many  of  which  no  corre- 

^ponHing  compound  exists  in  the  blood,  considerable  araonnta  of  iron 

'^  iound  in  the  tissues,  and  there  is  no  question  that  throughout  the 

'**naal  king<lom  iron  is  essential  to  livint^  matter,  quite  apart  from  its 

Jl*^clal  H'lation  to  tlie  bhxKl  in  the  vertebrates.     Molisch  has  showu 

-.^'^t  it  is  also  necessary  for  the  development  of  the  lower  vegetable 

^•*»ns,  and  it  hjia  been  found  that  in  its  absence  the  higher  plants  fail 

i^    form  chlorophyll,  tilthough  in^n  is  not  actually  contained  in  the 

^ter  as  it  is  in  liiemoglobin. 

The  iron  combinations  are  generally  divided  into  two  classes — in- 

^uic  and  organic'     In  the  former  of  these  iron  is  coutAineil  in  the 

*Niinary  salt  fonn,  is  dissociated  in  solution,  and  can  be  n*cognir.ed  by 

»  ^^eli  testj^  as  the  black   precipitate  with  ammonium  sulphi<le,  and  the 

*iic  precipitates  witli  the  ferrocyanideor  ferricyanideof  |>otassinm.     In 

^ganic  iron  these  teats  fail,  or  are  only  elicited  after  prolonged  contact, 

^*5  the  iron  ion   is  less  readily  dissociated.     Examples  of  inorganic 

^■^Mn  are  the  chlorides,  acctati's  or  siilpliates,  while  the  best  ty|K.'  of 

^*»g:inic   iron   is   hiLMnoglnbiu,   Lh(nigli    iiuuiIkts  of   iithcrs  cxlnt   in   the 

^issues.     Ik'twcen  the  ordiuarv  si»lt<  of  Jmn  anil   luemoglobiu  and  its 

allies  there  exists  a  iiuiuIkt  of  compounds  which  are  htained  black  by 

<immonium  sulphide  after  piitlongeil  contact,  and  which  it  is  im[H>s.sible 

to  class  either  a.s  oi^iuic  or  inorg;inic. 

'  "Orgnnic"  nml  "inorKunic"  are  here  uaeil  in  a  Bpcciai  meaiunff,  and  hare  no 
prfereuce  to  the  comhinalion  i4>  which  iron  i»  attaciiod,  hiil  in  the  luelhiMl  of  iilUirh- 
meaU  Thiw  the  mct'laU' and  albuminate  of  imn  are  Ixnh  chunified  among  the  inorganic 
troa  conipoundA,  because  iher  are  ca^hle  o(  diKsm-iatton,  and  the  iron  it*  prccipiUiled 
by  ammonium  sulphidr.  "Masked  iruo"  u  a  preferable  term  fur  "orgaoio  iron," 
but  ban  not  been  so  wid<Uy  twed. 
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'.  i.  -^cu  J.  siiC  js  the  perchloride  is  added  to  a  solution  ot'  protad, 

I  luikco^  iL  ac  oace  in  the  form  of  iron  albuminate.     Thisinsolu- 

u    '>  .ti^  rurmed  in  the  living  tissues  when  the  perchloride  is 

^  >L   11  ovucact  with  them,  and  Ibrms  a  protective  ooating  on  the 

.IV.  1.     Lruu  has  no  such  relation  to  the  proteids  as  mercury,  and 

v^  !t>L  oornHie  them  of  itself,  any  destruction  which  may  be  caused 
.  -uca  compounds  as  the  perchloride  being  due  to  the  acid  constituenl 
.u  HOC  to  the  metallic  ion.     The  albuminate  is  not  so  floccolent  as 
iiaL  ui*  mercury,  and  tends  to  protect  the  tissues  from  the  acid^  so  thai 
-.tio  currosiou  of  iron  compounds  is  limited  to  the  surface.     The  double 
-^iits  of  iron,  the  albuminous  compounds,  and  organic  iron  do  not  pre- 
cipitate proteids,  and  are  therefore  neither  irritant  nor  astringent  as 
loug  as  they  maintain  their  original  form  and  are  not  decomposed  into 
simple  salts. 

Syznptoms. — Inorganic  iron  compounds,  of  which  the  perchloride 
may  be  taken  as  a  type,  have  an  astringent,  metallic,  or  often  acid 
ta^ste,  but  in  ordinary  doses  induce  no  further  symptoms.  If  swal- 
lowed in  large  quantities,  they  cause  pain  and  uneasiness  in  the  stom- 
ach, nausea,  vomiting  and  often  purging,  with  all  the  ordinary  symp- 
toms of  acute  gastro-intestinal  irritation.  General  weakness  and  even 
collapse  may  be  induced,  but  are  manifestly  secondary  to  the  gastric 
and  intestinal  effects,  and  no  symptoms  which  can  in  any  way  be  at- 
tributed to  the  absorption  of  iron  have  been  observed  in  either  man 
or  animals. 

The  prolonged  use  of  inorganic  iron  is  frequently  followed  by  some 
dyspepsia,  and  by  constipation  and  colic,  which  are  obviously  due  to 
the  continued  astringent  action  on  the  stomach  and  bowel.  Other 
symptoms  observed  occasionally  are  blackness  of  the  teeth  and  tender^ 
ness  in  the  gums,  which  may  be  due  to  the  acid  contained  in  many 
iron  preparations ;  the  blackening  of  the  teeth  has  been  supposed  to  be 
due  to  the  tannic  acid  of  the  food  precipitating  the  inky  black  tannate 
of  iron,  or  to  the  sulphide  of  iron  being  formed  by  the  action  of  the 
hydrogen  sulphide  present  in  carious  teeth.  According  to  Buzdygan, 
the  iron  preparations  increase  the  secretion  of  hydrochloric  acid  in  the 
stomach,  and  may  thus  lead  to  hyperacidity,  or  aggravate  it  if  already 
present.  In  artificial  digestion,  the  salts  of  iron  with  oiganic  acids 
are  said  to  hinder  the  process  more  than  those  with  inorganic  acids, 
the  ferric  salts  more  than  the  ferrous,  and  the  insoluble  preparations 
least  of  all.  The  digestion  of  starch  is  almost  unaflFected  by  the  pres- 
ence of  iron. 

Iron  given  by  the  mouth  induces  leucocytosis  (Pohl),  and  does  not 
alfect  the  amount  of  double  sulphates  excreted  in  the  urinCi  so  that  it 
has  no  antiseptic  action  in  the  bowel  (Momer). 

Some  symptoms  from  the  circulation  are  sometimes  said  to  arise,  but  are 
for  tlie  most  part  subjective,  and  seem  to  be  handed  down  by  tradition  rather 
than  really  observed.  These  are  a  feeling  of  congestion^  fiilnesa  and  heat  io 
the  head,  and  hsemorrhages  from  the  nose^  throat  and  lungs,  especially  in 
"^♦■hisis.     If  these  symptoms  are  not  entirely  imaginary,  they  are  to   be 
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ttribut(Hl  to  Home  reflex  from   tbo  stomach   and   intestine   uiitl   not   (o   any 
irect  action  of  iron  on  Ibc  heart  or  vcshoIh. 

When  these  a:;triugent  prepamtiou»  are  injected  into  the  blood  vessels  in 
lunAlH,  they  cuiigulato  the  pn>teidfi  and  caiifle  thrombosis  but  no  real 
ujptomsof  iron  puisoning.  FutuI  thrombosis  has  been  obscrvinl  in  |Hitieut» 
)tu  the  injection  of  the  perchloride  into  the  uterus,  and  also  into  nrovi. 
lie  hypodermic  injection  of  these  salts  causes  some  puin  and  KweUing,  but 
I  further  Kym]>t4]ms  foUow,  an<l  the  iron  is  found  for  the  most  port  deposited 
an  Ln^ulublo  form  at  tbo  point  of  injection. 

Tiie  (Hneral  Symptoms  of  iron  are  obtained  only  by  the  intravenous  in- 
Dction  of  double  salts,  such  as  the  tartrate  of  iron  and  sodium,  which  do  not 
Mgulate  the  blood,  and  at  tlie  same  time  are  capable  of  freeing  tlie  iron 
in  the  tissues.     Such  salts  as  the  ferrooyauides  or  ferricyauid&4  on  tlie 
kher  hand  leave  the  body  as  such,  and  tlie  irun  ion  is  nut  liberated,  so  that 
iron  sym])toms  are  induced.     Meyer  and  Williams  found  that  the  doublo 
irtiHte  caiiked  in  the  frog  slowness  and  cluinsine^s  in  movement,  which 
tadually  developed  into  complete  pumlysis  of  the  central  nervous  system. 
he  heart  seemed  to  be  little  ufTt'ctod,  but  the  skeletal  muscles  were  some- 
liai  less  irritable  than  usual  after  death.      In  mammalt>,  the  symptoms  of 
%t>n  poisoning  were  often  very  lato    in  appearing,  and    begun  with  some 
acceleration    of  the   breathing,  whicli    later  became  slow  uud    dyspnteic ; 
vomiting  and  diarrhoia  often  followed,  and  blood  was  sometimes  seen  in  the 
evu^'uatious  of  the  stomach  and  Itowel.     Increasing  weakness  wa8  folhiwed 
by  central  paralysis  and  death,  at^companieil  by  weak  convulsive  movements. 
BThe  heart  si-emed  little  alTected,  although  the  blood- pressure  fell  rapidly 
boward.s  tlie  end.     Post-mortem,  the  nuii'ons  membranes  of  the  stomach  and 
KItestine  were  found  swollen  and  congested,  and  oftt^n  contained  numerous 
Wnidl  blood  extravasations.     Kobert  found  that  repeated  injection  of  small 
quoutitius  of  the  citrate  of  iron  induces  congestion  of  the  kidney  and  thi^  ap- 
pairaace  of  casts  and  albumin  in  the  urine.     In  acute  poisoning  the  alka- 
linity of  the  blood  is  reduced  owing  to  the  excess  of  lactic  mrid  fi>riiie<i. 
Iron,  like  the  other  heavy  metals,  would  therefore  seem  to  have  a  specific 
tant  etfect  on  the  intestimil  and  gastric  umeous  membrane,  and  to  a  less 
tent  on  the  kidney.     In  additioti,  it  depresses  and  eventmilly  paralyzes 
e  central  nervous  system,  but  it  is  impossible  to  state  how  far  this  is  due 
direct  action,  and  how  far  it  is  secondary  to  the  action  in  the  alimentary 
oaual. 

[,  According  to  Kobert,  iron  perfu.sed  through  the  vessels  has  no  effect  on 
Sieir  calibre  except  in  large  doses,  when  it  dilates  them.  The  a.stringent 
iction  13  due,  therefore,  to  the  pre<:ipitation  of  tbe  proteids,  and  not  to  cou- 
Itriction  of  the  vessels. 

Apart  from  irritation  of  the  stomach  and  intestine,  no  symptoms  are 
bdutMxl  by  iron  given  by  the  mouth,  because  it  is  altsorbiM]  too  .slowly  and 
n  too  small  amount,  and  perhaps  in  a  form  which  has  little  tendency  to 
Huxae  them. 

The  Absorption  of  Iron  has  been  a  subject  of  discussion  only  during 
the  latter  lialf  of  the  bust  centur)',  for  up  to  that  time  it  bad  Uci^n  aj^stimcd 
that  it  parsed  into  tbe  tissues  with  comparative  case,  and  waj^  there 
ibrmcd  to  bmnif^lohtn.  In  tiiis  M'ay  was  explained  its  effect  in 
antemiaj  particularly  in  the  form  known  as  chlorosis,  in  which  there  is 
a  deficiency  of  hfcmoglobin  rattier  tliau  of  \*\\-n\A  cells.  Tlie  benefit 
accruing  from  the  use  of  iron  salts  in  this  disease  ba.s  been  attested  by 
so  many  generations  of  physicians  that  only  tlie  mt>st  sheptiad  can 
have  any  doubt  on  tbe  Kuhjcct.  The  first  to  i^uestiou  this  explanation 
of  the  action  of  iron  in  chlorosis  was  Kletzinsky,  who  formulated  a 
42 
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llu-ory  itf  its  action,  which  was  soon  forgotten, 
became  popularly  known  when  it  was  resusci*         '*'^  "  -^fts*>r/w/,W 
explanutiou,  which  is  generally  stated  as  ^        ■'•  ,     . 
widely  held  during  the  last  few  yeara^  br*  ///(t«tine  le^   ^  somewkt 

almost  all  its  former  supporters  indr  -^^^  *"^  exci^ss  ofim  h 

comptilled  to  admit  not  only  that  iror  ^»'  ™  following-  medud 

administration  leads  to  an  increase''  ''^^  '^^^^  &]>iiT%::,ximate}y  the 

,    ,  ,^         .        .,  <ae  he  fed  on  n\Uk  onlv.tJk' 

r\o  account  of  the  action  of  iror  .    ,.  r  i.u    i   **      -'ft 

reference  to  an  explanation,  which  ■'«*  ^^^^^  «^  *J*^  ^'^^!^'  ''.  '"""'* 

a  number  of  facts  regarding  the  /Ji^  control.     Other  luvesfigaicR 

desirable  result  of  increasing  f  .  food  that  ia  practicaliy  free  froiu 

ouU'd  preparations  containing  J^i  the  irr)U  in  the  whole  lK)dva|nrt 

thro^JhS^creUo^'a^  W.parcd  it  with  that  of  animals  totol 

coSed  uT  the  f^  *^         -,  iron  was  added  to  the  footl    The  latter 
is,  of  iron  combined  In  .ivi  than  the  control  group  fed  ou  iron-free  .  •:;:  "^ 

an  example  of  Bach  o  'lia  much  more  healthy  and  normal  ap-  ■:>" 

normal  individuala  t^  -■"  ■-■■:■'•''] 

^tj^^^'       .;,,«.  made  to  follow  the  i.>u  in  its  e.«.j^  ;  ■;; " 

insoluble  and  u-           -^\-5/!=  »s  I>08sible  by  the  histological  examuiatiou  .     , 

tioiiB  are  adm<         ■  ,.="^,i,>nium  sulphide  solution,  in  potassic  ferr(>f>''  _"  _^, 

the  food-iron*           ..  ■:j;'.""acid,  or  in  hrematoxylin,  as  these  form  bla^;)^  '  '„, 

^"iI^^k"';?'®^       .  '■  ""■'"i.'/rii  most  forms  of  iron,  but  leave  the  hiemoglo  «" 
which  thur  ,     ,■    .     ,  .         .         '  ^^  i      f  *how 

went  ont  \.-    .- .i/»'nals  are  given  iron  preparations,  and  are  ^" 

sorbed  b-  „    V.irvans  stained  by  tliese  reagents,  the  mucous  n^^^^^ 

istered,  '     *,j^^.|i"aiui  of  the  greater  part  of  the  small  intestine  g*^  ^^ 

^uB  a^  •    ,  '^^  jii^,  epithelium  of  the  diuxlcnum  and  the  upper  V   ^^ 

f;^^         ';   -  "Vr#  found  to  contain  numerous  granules  of  iron.     T'*  \^ 

typf         ".,  '   ,  .V  traced  to  the  mesenteric  lymph  glands,  are  fouml^^t^t 

tip        ^- "■■  v^  in  *^*-'  •'*plt>en  around  the  corpuscles,  to  a  much  sma^i-it 

">'         ',.  '•'' V  iivcr,  and  in  the  cortex  of  the  kidney.     If,  however,         >u 

,  !« "  ^  ki'pt  for  some  days  after  the  iron  is  given,  the  reaction       |^>« 

»'  f  ^iiiii",  spleen,  and  mesenteric  glands  is  less  intense,  while  <^  ^^ 

^' ^-u* '""^''*  "lore  distinct  evidence  of  containing  iron,  and  r  ^g^% 

'•**.J^]  tvlls  of  the  large  intestine  and  csecum  also  give  a  stro^^i  y^ 

'>*!^»rt.     '1'*''*  ^^  interpreted  to  mean  that  iron  is  absorbed  by  X^^-^^ 

'I'ji^min  and  is  iirst  stored  in  the  spleen,  but  later  finds  its  wi     ^  ^^ 

"     j^h  tiie  blond  vofiselsi  to  the  liver,  where  it  rests  again   for  son. 


*3W'.  '**  ''^'  eventually  taken  up  again  by  the  blood  and  excreted  in 
j^.  lar^'  intestine  and  the  ciecum.     There  is  some  question   as 
^M^iT  the  lymph  vessels  are  involved  in  the  absorption  of  iron  an 
,ho  »i*^'^*  rtH'cnt  invostif!;ators  have  failed  to  find  it  in  the  thoracic  da 
3Pid  :uH:onlinjrly  hold  tliat  it  is  abst>rl>ed  from  the  intestine  into  tlu-^^ 
jiKx>d  vessels  (lireetly.     The  iron  stored  in  the  liver  does  not  escaiy 
In-  the  bile  as  might  b*;  anticipated.     A  small  percentage  of  iron  is  s^^ 
oiinstant  cftnstituent  of  tliis  fluid,  but  is  not  increased  by  iron  given  b^^ 
(he  mouth  or  intnivenously. 

Xotliiiii:^  is  known  with  certainty  regarding  the  form  in  which  in>r  "^ 
is  absorlxnl.     It  is  assumed  that  in  the  stomach  almost  all  the  prc^wi^^ 
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to  a  greater  or  less  extent,*  arc  then  ebangtHl 

form  pass  into  the  diin(l<'nnm,  where  they 

\j  or  may  be  precipitated  aiul  taken   up  j»s 

and  the  leueocyterf.     lu  the  liver  it  seems 

[ron  is  changed  to  hepatic  ferratin,  and  that  it 

Several  other  iron  com|>oiin(I.s  liave  been  found 

5u  undoubtedly  undergoes  a  number  of  synthetic 

l'<   iiiftTn^d  fmm  the  foregoing  tlint  all  of  the  inorganic 

•veti  is  taken  up  by  the  intestinal  epithelium.     It  is  quite 

u^  to  form  ovf»n  approximate  e-stimates  of  the  amount  that  is 

Ulworbed  and  inado  use  of  by   the  tissuen,  but  tliL»  probability 

tt  only  a  small   percentage  is  really  taken  up  ;  the  rest  piLssiiig 

irongjj  the  intestine  and  being  throwu  out  in  the  Htools.     It  is  otlen 

^*t^  tliat  the  iron  stools  are  dark  or  black  in  color,  from  the  sulphide 

PJ*®sent,  hut  this  seems  to  be  seldom  the  case  when   they  are  passe<l, 

jj'though  they  a'^sume  a  darker  gray  '>r  grayi-sli  black  color  in  the  air 

'^m  oxidation.     The  iron  is  contained  in  them  only  to  a  small  extent 

^  the  sulphide,  some  of  the  rest  probably  Ix^ing  albuminate. 

To  sum  up  what  is  known  regarding  the  fate  of  the  xvon  preparations, 

^hey  are  partially  formed  to  the  chloride  and  then  U>  the  albuminate  in 

^e  fttomach,  pjws  into  the  <lu(tdennm,  from  which  the  great  bulk  is  (!jir- 

*^>ed  ou  into  the  lower  parts  of  the  iutestiue,  while  some  is  abstirbe^l  by 

^fce  epithelium  and  leucocytes  in  solid  form  and  perhaps  in  solution. 

f^i  is  then  deposited  in  the  splwni,  where  it  may  undergo  some  changes 

*H  form,  is  later  taken  up  by  the  blood  and  de|>osited  in  the  liver  and 

t^rhaps  in  the  bone  marrow.     Where  the  supply  of  iron  has  Imh^u 

t  nadeqnat4^  for  the  formation  of  lucmoglobin,  the  originally  inorganic 

iron  is  probably  worked  into  higher  forms  and  eventually  into  ha*mo- 

^Inbin   in   the  liver,  and  it  seems  likely  that  ferratin  is  one  of  the 

intermeiliate  steps  in  this  synthesis.     AVheu  there  is  no  deficiency  of 

rirou  for  the  formation  of  hjcmoglobin,  the  liver  slowly  yields  its  store 

T)f  iron  to  the  bloiHl,  winch  carries  it  to  the  cwcnni  and  large  intestine, 

by  the  epithelium  of  which  it  is  finally  excreted.     It  is   to  Ije  noted 

that  the  iron  absorbe<l   does   not  increase  the  amount  of  iron  in  the 

urine,  bile  or  other  excretions.     The  investigations  on  which  this  sketch 

[  is  fouudetl  have  been  com]>leted  only  in  the  last  few  years,  and  establish 

finally  the  truth  of  the  position  held  by  the  older  physicians  and  indcifl 

by  the  clinicians  of  this  later  time  also,  that  inorganic  iron  follows  the 

earae  course  in  the  tissues  as  food-iron,  although  possibly  more  of  the 

latter  is  abaorlxxl. 

But  this  explanation  of  the  iron  action  does  not  cover  all  the  diffi- 
culties of  the  C4iHe.  Many  tmses  of  chlorosis  recover  without  inorganic 
in>n  under  hygienic  conditions,  such  as  rest,  and  jiartimlarly  when 
foods  rich  in  inm  are  ]»rescril»e<l,  this  being  exactly  what  is  to  l>e  ex- 
IKKTted  on  the  the<iry  that  inorganic  iron  merely  takes  the  place  of  the 

I  Aecardiog  to  i^crvrul  of  the  older  authors  tbv  ferric  lalts  ftre  changed  to  f«mDiu  id 

tiMVUHDach. 
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ntoo\ti  thrrcfiire  gives  no  clue  as  to  how  much  has  been  alnsiirlwl,  ainl 
how  much  lia-s  simply  passed  througli  the  intestine. 

But  the  passage  of  iron  from  llie  liver  to  the  intestine  is  a  somewhat 
bIow  pruccsH,  and  it  Is  therefore  jtossihlc  to  detect  the  ejccess  of  intu  in 
the  liver.  This  has  been  done  repeatedly  by  the  following  metluxl. 
Young  animals  of  the  same  litter  fed  on  milk  have  approximately  tbr 
same  amount  of  iron  in  the  liver.  If  one  be  fed  on  milk  onlv.tlw 
other  on  milk  to  which  irr>n  is  added,  the  liver  uf  the  hitter  is  f'lmnil 
to  contain  ninn_^  in>n  than  that  of  the  contn»l.  Other  iuvesligalora 
have  fed  animals  (rats  or  mice)  on  food  that  is  practically  free  frtio 
iron,  have  kill('<l  them  and  estimatet]  the  irt>n  in  tlie  whole  body  ipart 
from  the  alimentary  tract  and  comparetl  it  with  that  of  animals  tnited 
in  the  panic  way  except  that  iron  was  added  to  the  food.  The  btter 
group  cont'iina  much  more  iron  tlian  theaintn»l  group  fed  on  irou-lre« 
food,  and  in  general  presents  a  much  more  healthy  and  norniul  ap- 
pearance. 

Finally,  attempts  have  l>een  made  to  follow  the  iron  in  its  couree 
through  the  tistsucs.  This  is  possible  by  the  histological  exarainatiyD 
of  tissues  soake<]  in  ammonium  sulphide  solution,  in  potassic  ft!rnt'y- 
anide  and  hydrochloric  acid,  or  in  htcmatuxylin,  a^  these  fbna  bliitk 
or  blue  jirecipitatea  with  most  forms  of  inm,  but  leave  the  hienKtj:l'>biri 
unafTcctc*!.  When  animals  are  given  iron  preparations,  and  are  ibeii 
killed,  anil  their  org.uis  stained  by  these  reagents,  the  mucous  tiiefli- 
braue  of  the  stomach  antl  of  the  greater  part  of  the  small  intestine  p^i^ 
no  coloration,  but  the  epithelium  of  tlie  duodenum  and  the  upper  jwrt 
of  the  jcjiiimrji  is  found  to  contain  numerous  pnmules  of  iron.  Thee*' 
granules  may  l>e  traced  to  the  mesenteric  lymph  glands,  are  fouiid  m 
large  numbers  in  tlie  spleen  anmud  the  corpuscles,  to  a  much  smaller 
extent  in  the  liver,  and  in  the  cortex  of  the  kidney.  If,  however,  th* 
auijual  he  kept  (or  some  days  after  tlie  iron  is  given,  the  reaction  iii 
the  (huHlcuum,  spleen,  and  mesenteric  glands  is  less  intense,  while  lli'^ 
liver  gives  much  more  distinct  evidence  of  coutaiuing  iron,  aad  th*-' 
epithelial  cgHh  of  the  large  intestine  and  c£ccum  also  give  a  stDfig 
reaction.  This  ia  interpreted  to  mean  that  iron  is  absorbed  hy  the 
duodenum  ami  is  lirst  st^ired  in  the  spleen,  but  later  finds  its  w>f 
through  the  hkiod  vessels  Ui  the  liver,  where  it  rests  again  for  b)^ 
time,  Ui  he  ev(;ntually  taken  up  again  by  the  blood  and  excreted  in*" 
the  large  intestine  and  the  cjecum.  There  is  some  question  as  ^ 
whether  the  lymph  vessels  arc  involved  in  the  absorj>t]ou  of  iron  flD" 
the  mnst  recent  investigators  have  failed  to  find  it  in  the  thoracic  dof* 
and  accordingly  hctld  tliat  it  is  absorbed  from  the  intestine  into  ^ 
blood  veascLs  directly.  The  Iron  stored  in  the  liver  does  not  esd^ 
by  the  bile  as  might  be  anticipated,  A  small  percentage  of  iron  l-^  ' 
constant  constituent  of  this  tluid,  but  is  not  increased  by  iron  giveul'T 
the  mouth  or  intravenously. 

Nothing  is  known  with  certainty  regarding  the  form  in  which  iroD 
18  absbrhod.     It  is  assumed  tliat  iu  the  stomach  almost  all  the  pre[tt' 
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rntious  form  chlondes  to  a  g^'eater  or  less  extent,*  are  then  diantrt'tl 
intu  albtitninates,  and  iu  this  form  pass  into  the  tluodenum,  where  they 
may  he  absorbed  in  solution,  or  may  be  precipilaled  and  taken  up  as 
aolidM  by  the  epithelial  *H!11.s  uiuI  the  leucocytes.  In  the  liver  it  seems 
likely  that  the  absorbed  iron  \s  changed  to  hepatic  ferratin,  and  that  it 
is  8t<^red  in  this  form.  St^ver.il  other  iron  i^ompounds  have  been  found 
in  the  livrr,  and  iron  undoubtedly  undergoes  a  number  of  synthetic 
processes  there. 

It  must  not  be  inferred  from  the  foregoing  that  all  of  the  inorganic 
iron  swallowed  is  takeu  up  by  the  intestinal  epitticlium.  It  is  quite 
impossible  to  form  even  approximate  estimates  of  the  amount  that  is 
really  absoriM»tl  an<l  made  use  of  by  the  tissues,  but  the  proba!>ility 
is  that  only  a  small  percentage  is  really  taken  u]) ;  the  rest  pjissing 
through  the  intestine  and  being  thrown  out  in  the  stools.  It  is  often 
stated  tliat  the  iron  stools  are  dark  or  black  in  cfdor,  from  the  sulphide 
present,  but  this  seems  to  be  seldom  iho  case  when  they  are  passed, 
although  they  assume  a  darker  grjiy  or  grayish  black  color  iu  the  air 
from  oxidation.  The  iron  is  contaiutHi  in  th(mi  im\y  to  a  email  extent 
as  the  sulphide,  some  of  the  rest  probably  being  albuminate. 

To  sum  up  what  is  known  reganling  the  fate  of  the  iron  propar.itions, 
they  are  pjirtially  formed  to  the  chloride  and  then  to  the  allmmiiiatc  in 
the  stomach,  [niss  into  the  ducHlenum,  from  which  the  groat  bulk  is  car- 
ried on  into  the  lower  parts  of  the  intestine,  while  some  is  absorlwd  by 
the  epithelium  and  leucocytes  in  Boli<l  form  and   p<*rhaps  in  solution. 
It  is  then  deposited  in  the  spleen,  where  it  miiv  undergo  some  changes 
in  form,  is  later  taken  up  by  the  blood  and  dej>osited  in  the  liver  and 
perhaps  iu  the  lx)nc  marrow.     Where  tlie  ejupply  of  iron  has  been 
inadequate  for  the  formation  of  hsemoglobinj  the  originally  inorganic 
iron  is  j)rol»ably  worked  into  higlmr  forms  and  eventually  into  hiemiw 
gtobin  in  the  liver,  and  it  seems  likely  that  ferratin  is  one  of  the 
intermefliate  steps  in  this  Rynthfsis.      When  thei'e  is  no  deficiency  of 
iron  for  the  formation  of  luenioglobin,  the  liver  slowly  yields  its  store 
of  iron  to  the  blocwl,  which  carries  it  to  the  cfecum  and  large  intestine, 
by  the  epithelium  of  which  it  is  finally  excreted.     It  is  to  be  noted 
that  the  iron  absorbed   does  not  increase   the  amount  of  iron  in  the 
urine,  bile  or  other  excretions.     The  investigations  on  which  this  sketch 
is  founded  have  been  completwl  only  in  the  la-st  few  years,  and  establish 
finally  the  truth  of  the  position  held  by  the  older  physicians  and  indred 
by  the  clinicians  of  this  later  time  also,  that  inorganic  iron  follows  the 
hame  course  in  the  tissues  as  food-iron,  although  jH>SHibIy  more  of  the 
latter  is  absorbed. 

Bnt  this  explanation  of  the  iron  action  doe^  not  cover  all  the  diffi- 
culties of  the  cas(7,  Many  cases  of  chlorosis  recover  without  inorganic 
iron  under  hygienic  conditions,  such  as  rest,  and  particularly  when 
foo<ls  rich  in  iron  an;  prescriluKl,  ttiis  Innng  exactly  what  is  to  !«;  ex- 
pected on  the  theory  that  inorganic  iron  merely  takes  the  place  of  tlie 

*  According  to  serera]  of  the  older  nutliors  th«  ferric  salts  are  changed  In  ferrous  in 
the  stomach. 
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deficient  focxl-ipon.  But  many  chJorotic  )>ntieutH  show  little  f»r  un 
improvement  when  treated  with  foods  containing  iron,  even  when  tliere 
is  no  ijuestion  tliut  the  iron  Ktipiilitnl  daily  in  foot!  form  in  huffieient  for 
the  needs  of  tJie  economy,  ami  clilomsis  even  appears  in  individuals 
who  Iiave  never  suffered  from  any  deficiency  of  food-iron.  Yet  many 
of  these  cases  recover  rapidly  under  inorganic  iron.  A'.  Noorden  has 
attempted  to  explain  this  by  supposing  that-inorg:anic  iron  when 
alworlKMl  acts  as  u  Htimiilimt  t<i  the  hlfHMl-forniing  orj^nf*,  while  f<K>d- 
iron  has  no  such  pro|>erty.  And  some  indications  of  abuornial  activity 
of  the  l>one-marro\v  cells  have  Ix^en  observed  in  animals  supplied  with 
inorganic  iron  ;  this  may  not  Ixj  the  effect  of  stimulation  in  the  ordi- 
nary sense  of  the  word,  however,  for  it  may  lx>  explained  by  the  un- 
usual abundance  of  the  materials  nwwssary  to  their  activity.  Th*^ 
difference  in  the  effects  of  the  irons  of  the  food  and  of  the  inorganic 
preparations  may  be  due  to  the  fact  that  foo<l-iron  is  always  accom- 
panied by  a  krge  amount  of  colloid  material,  which  may  materially 
delay  its  absoqitiou  while  inorganic  in>u  on  the  other  hand  is  much 
less  completely  cnvelo|K'd,  and  may  be  more  easily  absorbed.  In  ad- 
dition, the  iron  preparations  are  given  in  much  larger  amounts  than 
the  food-irons.  When  10  mgs.  (food-iron)  arc  taken  per  day,  only  a 
small  projM)rtion  {e.  c/.,  ">  mgs.)  may  l»e  absorlHtl,  and  this  may  be 
insufficient  to  supply  the  nccils  of  the  body,  but  if  some  hundrcils  of 
milligrams  of  inorganic  iron  be  added,  the  piDportion  nbeorhwl  will  be 
amply  sufficient.  The  same  effect  might  Ix*  obtainiKl  by  the  .«iame 
amount  of  food-iron,  but  this  is  only  to  be  obtained  by  giving  mtire 
footl  than  can  be  digc^4tell. 

Iron  is  not  absorbed  from  the  unbroken  skin,  and  the  iron  and  steel 
baths  are  therefore  of  no  value  in  themselves  in  the  treatment  of 
aniemia. 

Therapeutic  Uses.  —  Iron  is  most  frequently  used  in  the  treatment  of 
Ohlorosia,  which  Ju  a  large  pi'oportion  of  cases  recovers  entirely  un<lcr 
it.  lSt)me  casts,  however,  improve  somewhat  un<ler  iron,  but  relaj»se 
when  it  is  left  off,  and  a  certain  number  of  patients  show  no  improve- 
ment whatever  under  it.  These  lost  arc  not  generally  rq^deii  as 
suffering  from  chlorosis  proper,  but  from  a  more  malignant  fonu  of 
antemia.  A  niimlx^r  of  symptoms  which  are  duo  to  chlorosis,  and 
which  are  often  more  prominent  than  the  original  disease,  are  also  re- 
lieved or  entirely  removed  by  iron.  Thus  gastric  catarrh,  amcnorrlicBfly 
or  fPilcnui  may  disappear  under  it,  but  in  these  cases  the  symptoms 
arc  chlorotic  in  origiuj  and  the  improvement  is  due  to  the  increas<><l 
htemogloliin,  and  not  to  the  direct  action  of  iron  on  the  stomach,  uterus 
or  circulation.  In  chlorosis,  the  iron  is  generally  given  in  small  d<wes, 
at  any  rate  at  first,  and  the  less  astringent  preparations  are  preierrod 
by  most  clinicians,  although  s*ime  still  advise  the  perchloride.  When 
chlorosis  is  complit^tod  with  gastric  catarrh,  some  authorities  advise 
that  the  latter  be  treateil  before  the  general  condition,  as  iron  in  it-s<df 
is  liablo  to  irritate  the  stomach.  In  many  ciiscs,  however,  the  catnrrh 
is  secondary  to  the  chlorosis,  and  can  only  be  treated  successfully  by 
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proving  the  couditiim  of  the  hlood  ;  the  iron  pre[»aration  here  ought 
be  mild  and  not  irritating.  In  chlorosis  the  tendency  to  constipa- 
tion may  Ik*  increasetl  by  iron,  and  a  purge  is  ofVen  reqnJred,  such  us 
•he  iron  and  aloes  pill,  whicli  is  particularly  recommended  when  chlo- 
rt>«is  is  attended  by  amcnorrlioea. 

Iron  is  of  less  value  in  other  forms  of  aniemia,  although  it  is  oAen 
prescribed  and  may  be  followed  by  some  improvement.  Thus  it  may 
b^  administered  during  convalescence  from  acute  disease,  such  as 
typhoid  fever,  or  nephritis,  and  in  the  anaemia  induced  by  jirofiisc 
Kietnorrhage,  iron  often  seems  to  accelerate  the  recu[>cration  of  the 
i>lood.  It  is  oJlen  prencribed  for  the  cachexia  of  malaria,  syphilis  and 
other-  chronic  diseases. 

Iron  is  said  to  be  oontraindicated  where  there  is  fever,  in  plethoric 
Individuals  witli  a  tendency  to  hasmorrhages,  and  in  some  forms  of 
o<?art  disease.  In  these  conditions  the  iron  preparations  can  harm 
^>nly  from  a  reflex  induced  from  the  stomach,  as  the  smiiU  quantity  of 
irc)U  absorbed  is  incapable  of  producing  any  efiects  in  the  tissues.  In 
l^hthisis,  it  is  very  generally  credited  with  causing  hremorrhage  from 
t-he  lungs,  but  it  may  be  (juestionvd  how  far  this  appn^hension  is  base<l 
on  observation,  and  how  far  it  is  a  relic  of  old  and  ]orgotten  theories 
of  the  action  of  iron.  It  has  to  be  given  with  caution  here  in  onler 
tjf>  avoid  irritation  of  the  stomach  and  dysjieprfia,  and  in  the  presence 
of  gastric  catarrh  from  any  cause,  its  effects  have  to  be  watched  care- 
fully. 

Some  of  the  older  authorities  advise  iron  to  be  given  in  large  quan- 
lities,  but  the  dose  has  been  reduced  of  late  years  to  about  0.1— 0. '2 
G.  (2—3  grs.)  three  times  a  day.  It  is  given  after  meals  in  order  to 
avoid  the  irritant  action  on  the  stomach  as  far  an  possible.  It  is  to  be 
noted  that  on  giving  0.1  G.  of  iron  three  times  a  day,  aix>ut  thirty 
times  as  much  iron  is  given  as  is  required  normally  in  food,  so  that 
the  chlorotic  receives  more  iron  jmt  day  than  u  workman  in  a  month. 
Iron  is  iwcasionally  injected  hypodcrmically,  with  the  object  of 
avoiding  tlie  irritation  of  the  Htomach,  but  this  proct'dure  is  painful 
and  causes  some  swelling  and  irritjition,  whirh  lasts  twctity-four  hours 
or  more.  Most  of  the  ^ts  are  precipitated  at  the  point  of  injection, 
but  some,  such  as  the  citrate,  are  taken  up  by  the  blooil  at  once ;  the 
danger  of  renal  irritation,  anticipated  by  Kobert,  does  not  seem  to 
arise  if  small  quantities  are  used.  The  citrate  and  pyro-phosphate  in 
5  per  a-nt.  solution  have  l>ei^n  used  in  this  way,  0.05-0.1  G.  (1-2  gi-s.) 
of  the  salt  being  injectwl  daily.  The  liydratc  and  oxide  have  also 
been  injected,  suspende<l  in  salt  solution,  but  are  somewhat  more  irri- 
tant, while  the  peptouate  is  recommended  as  being  almost  devoid  of 
irritant  qualities. 

Iron  baa  been  recommended  in  erysipelas,  but  has  proved  valueless 
in  the  hands  of  most  investigators.  Scimc  of  the  iron  salts  are  eniploye<i 
as  Astringents,  the  mf)st  |x^pnlar  prejmrations  for  this  purpose  being  the 
ferrous  sulphate,  wliich  haa  been  used  to  some  extent  in  diarrlni'a,  and 
also  externally.     The  jxirchloride  is  perhaps  the  best  Styptic  of  its 
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clans.     Wlien  :i|iplic<l  to  a  bleeding  point,  it  precipitates  the  prrttfids 
tlie  blr>otJ  plasma,  and  thus  forms  un  obstruction  to  the  flow  nf  bItxJ 
similar  to  that  caused  by  clotting,  although  no  Hbrin,  but  only  ft  maa 
of  iron  albuminate*,  is  formed  by  tLe  j>erchIoride.     This  styptic  aotioD 
is  of  value  in  capillary  and  rccuritnt  hrcraorrliage,  while  in  i»lwl- 
ing  from  an  arter}',  the  ordinary'  snrgical  methods  are  (»f  coursw?  |m>- 
ferrcfl.     The  chloride  arresti*  hemorrhage  only  when  it  can  \\e  brrmglit 
into  actual  contact  witli  the  bleeding  point,  and  where  this  is  oovcnNl 
by  a  large  maws  of  sernicHmgulated  l)loo4l,  the  treatment  is  of  no  avail. 
ns  it  simply  forms  the  albiiniiimte  with  tlie  blood  with  which  it  comt* 
into  roiitact  fiist.  and  this  may  be  far  fmrn  the  actual  point  of  nipturr. 
Ah  an  npplinUion  to  the  stonmch  and  bowel  in  haemorrhage  frtmnln^* 
part.';,  the  pereldoride  is  imlikely  to  prove  succcssfiil,  while  in  hW- 
ing  from  tlve  nose,  or  guras,  or  after  the  extraction  of  a  tootii,  it  ii* 
more  reliable.      It  has  iH'en   injected   into  the  uterus  in  hflDmorrhupe, 
into  ntevus  in  order  Xo  cause  coagulation  and  subsequent  cicatriziitioii 
of  tlie  tissue,  and  into  aneurisms.     This  is  a  very  dangeroit-  tnat- 
ment,  however,  for  several  cases  of  fatal  embolism  have  arisen  fnwi 
the  ])recipitated  albuminate  I>oing  carried  off  in  the  veins.     Perchloridc 
of  iron  soluti(m  has  be*Mi  sprayed  into  tlie  air  jmssages  in  hanjoptvcis, 
but  if  stitHcicntly  concentniteil  to  coagulate  the  bhxxl  at  the  bWinj; 
ptiint  in  the  lungs,  it  would  certainly  induce  imtation  and  coughing. 
The  perchloride  is,  of  course,  valueless  in  hajmorrhage  from  inlenml 
organs,  for  in  the  first  place,  very  little  of  it  is  absorl->cd,  and  iu  \^ 
seoond  plna*,  what  docs  pass  into  the  tissues  is  already  in  pi-oteid  <^w- 
binatiou,  and  thei^efon*  incapable  of  coagulating  the  blood.     The  saow 
objection  applies  to  the  alleged  astringent  effect  of  iron  in  nephriUi^' 
It  IS  posnible  that  iron  may  lessen  the  albumin  in  the  urine  in  these 
cases,  aUlnnigh  the  elinical  evidence  is  contradictory  on  the  Bubjt^'U 
but  it  is  absolutely  certain  that  it  does  not  do  so  by  any  locjil  at:ti<" 
on  the  albumin  in  the  kidney. 

The  sulplmte  of  iron  is  used  as  a  disinfectant  for  sewage.  Itsrf* 
here  merely  by  precipitating  the  pruteids,  which  carry  down  the  bttc- 
teriu  mechaniL'-ally.  Tho  protcids  nf  the  sewage  may  be  increasod  by 
the  a*lditif>n  of  bliwd  before  the  siiljihatc  is  a]»plied.  The  sulphate  Ol 
iron  is  used,  because  it  is  cheaper  than  the  otlier  salts  of  the  heivf 
metals. 

Preparations. 


Ferri  Chloridum  (IT.  S.  P.),  ferric  chloride  (Pc,Cl,+ 12H,0),  orang©  yello* 
crystals,  with  a  strong  astringent  taste,  very  deliquescent  in  air,  soluble  Ib 
water  and  uJci>hol. 

Liquor  Fm-i  Odoridi  (U.  S.  P.),  a  solution  of  ferric  chloride  conUinlDg 
about  37.8  per  cent,  of  tho  auhyilroua  suit  or  ubuut  13  per  cent,  of  iron. 

TiNrriTRA  Kekki  Chloriui  (U.  S.  P.)  is  formed  from  the  liquor  by  dilut- 
ing it  witli  3  parta  of  alcohol,     0.5-2  c.c.  (8-30  mins.). 

Liquor  Ferri  PtrckUtridi  Forti«  (B.  P.)  is  formed  by  dissoh  lug  iron  in  hy- 
dro«*hlori<'  acid,  and  contains  22J  i»er  cent,  of  iron.     It  is  an  uraugc-bi 
Uuid-  witii  a  strong  astringent  taste. 
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■JAffuoT  Ftrri  IWchhridi  (B.  P. )  and 
TtNCTURA  Ferei  Perchlobidi  (B.  P.)  ftre  formed  by  diluting  the  strong 
jlior  with  3  timiw  as  much  water,  and  with  two  parts  of  watt^r  and  one  of 
9ohol  respwtively.     5-15  mins. 

The  chloride  iff  \ia<h\  aa  a  styptic  cither  lift  the  Liquor  Fortis  (B.  P.)  or  in  a 
ty  much  atrtmger  fonn,  proiwred  hy  allowing  the  crystals  to  delimiew^. 
pluff  of  cotton-wool  stcfiHxl  in  the  nolutiou  i»  used  to  stop  bleeding  after 
I  extraction  of  teeth,  and  the  liquor  has  been  injected  into  tlio  uterus  in 
■norrhnge,  and  into  aneurisms  and  nflevi.  When  diluted  it  may  be  uswl 
W  gargle,  but  lias  a  disagreeable,  inky  tustc,  and  attacks  the  It^th.  Tlie 
icture  is  very  commonly  une*!  in  the  treatment  of  ohlonisis.  It  ought  to  lie 
ken  in  a  glaRR  of  water,  and  through  u  quill  or  glass  tube,  in  order  to  avoid 
inry  to  the  teeth. 

iiquor  Ferri  Nitralun  (B.  P.)  contains  3.3  per  cenl.  of  Iron.     /i-lS  raina. 
^ns  an  astringent  to  a  limited  extent. 

Frrri  TersnlphatU  (U.  8.  P.),  Liquor  Ferri  PernilphatU  (B.  P.),  a  «o- 
of  ferric  sulphate  (Fe,(SOj),),  is  used  only  for  the  prejHiration  of  other 
fa  salts. 

piquar  Ferri  Suhsulphatw  (U.  8.  P.),  Monsel'a  flolution,  an  otiueoiis  solu- 
p  of  basic  ferric  sulphate  of  variable  chemical  composition,  and  eont4iining 
ftut  13.8  per  cenl.  of  metallic  iron.  0.2-0,6  o.c.  (3-10  mins.).  Used  as  on 
ringent  gargle,  and  in  general  like  the  chloride. 

pKBRi  SiTLPHAft  (U.  8.  P.,  B.  P.),  ferrous  sulphate  (FeSO.  j  7H,0),  Urge, 
je,  bluish-green  crj'stals  with  a  saline,  astringent  taste,  soluble  iu  water, 
oluble  in  uleohol,  and  unstable  in  moist  air.     0.05-0.3  G.  (1-5  grs.). 
Ferri  Sulphas  Granulahis  (U.  8.  P.),  recrystallized  ferrous  sulphate  in  very 
■U  cryst44lrt.     0.05-0.3  (1.  (1-5  grs.). 

Ferri  Sulphas  Exsiccahts  (U.  8.  P.,  B.  P.).  ^ried  ferrous  sulphate  (2Fc80, 
8H,0),  ordinary  Hulphato  from  which  most  of  the  water  of  crystallization 
I  been  driven  off  by  heat.  A  grayish-wliite  powder  resembling  tlie  ordi- 
ry  sulphate  in  its  solubility.     0.03-0.2  0.  (A-3  grs.). 

Ferri  et  Ammonii  Sutpbas  (V.  S.  P.),  ammonio-ferrie  sulphate  or  ammonlo- 
ric  alum  (Fe,(NHJ,(&iO,)^+24H,0),  is  a  double  salt  forming  pale  violet 
retals  with  an  acid  astringent  taste — soluble  in  water,  not  in  alcohol, 
J-0.6  U.  (5- 10  grs.). 

The  sulphate  of  iron  is  very  astringent,  though  less  so  than  the  ferric  salta. 
Is  used  as  an  ;istriugent  application  to  mucous  membranes,  such  as  the 
e*  mouth,  urethra,  more  rarely  internally  in  unounia,  although  it  is  less 
!ltant  than  the  chloride. 

The  yv.  Aloes  et  Ferri  (U.  8.  P.,  B.  P.).  which  Is  used  very  lately  in 
icnorrhtva  and  in  chloi-osis  vnth  constipation,  contains  dried  sulphate  of 
m.     I><ise,  B.  P.,  4-3  grs. 
Fcrrvm  (U.  S.  P.,  B.  P.),  metallic  iron  in  the  shape  of  fine  wire  is  used  only 

form  other  preparations. 

Februm  Kei>uctum  (U.  S.  P.),  Ferbum  Redactum  (B.  P.),  reduced  iron, 

very  fine  grayish-blat^k,  lustreless  jwwder,  without  taste,  in«>lLibIe  in  water 

alcohol,  soluble  in  ai^id.     It  consists  of  met4iUic  iron,  with  a  small  amount 

the  magnetic  oxide.     0.05-0.3  <5.  (1-5  grs.). 

Trochiscus  Ferri  Bedacti  {B.  P.),  each  contains  1  gr.  of  reiluced  iron. 
Frrri  (Urbonas  Saccharatis  (U.  S.  P.,  B.  P.),  sjicchanU^-d  ferrous  car- 
mute,  is  formed  by  i»recipitatiug  ferrous  sulphate  with  sodium  bicarbonate 
bunonium  carbonate,  B.  P.),  washing  the  precipitate  and  adding  sugar.  It 
btoins  ferrous  cjirbnnnte  along  vnth  some  ferrous  sulphate  and  sorJiiiin  hi- 
rbonate  (U.  S.  P.),  and  is  n  greeiiisli-brown  powder,  which  rapidly  oxidizes 

the  air,  and  hua  u  sweetish,  astringent  taste.  The  carbonate  is  a  very 
(Stable  body,  and  on  keeping  is  slowly  tran8forme<i  to  fcirric  hydrate 
\e,(()H)J.  Tiie  sugar  is  atided  in  order  to  reliird  this  oxi<lation,  but  the 
rbonute  ought  not  !<i  l>e  dispen.sed  unless  it  is  of  recent  preparation.  0.6- 
0.  (10-30  grs.). 
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PlLn-B  FeRRI  CaRBOXATIS  (U.  S.  P.),  FiLULA  FeSU  (R  P.  i.  femi?in.iu 
or  clialybeatv  pills,  blai'D^b  pillr,  are  prepared  in  the  same  way,  \ty  tlit:  ht- 
tion  of  ferrous  snlphate  and  nurbonate  of  potash  or  soda.  8<tgar,  tmgwuUi 
and  glycvriD  ore  added  ;  they  ought  to  be  freshly  prepared  in  order  to  othuI 
the  fonnacioD  of  tbe  hyilratc.  Each  pill  (V.  S.  P.)  contains  aboot  0.06 G. 
(1  gr.)  of  iron,  that  iif,  5  gr^.  contain  about  1  gr*  A  method  of  keeping  Um 
carbonate  and  the  sulphate  apart  until  actually  swallowed  has  beeA  adra<- 
tii^ed,  tbe  two  being  given  in  a  capsule,  but  being  aepaiated  by  a  membnod 
M'hich  is  dissolved  off  in  the  stomach.  This  same  eflect  would  be  obUunedbf 
giving  them  entirely  separate,  and  it  is  extremely  improbable  ihnt  tbe(a^ 
bonate  is  forme-d  in  the  acid  contenta  of  the  stomach.  1-^  pills  U.  8.  P.,5- 
ISgre,  B.  P. 

M(uaa  Ferri  Oarbonaiu  (U.  8.  P.),  ValleCs'  Maaa,  is  formed  by  the  actino 
of  ferrona  sulphate  and  sodium  carbonata.  Sugar  and  honey  ore  sildii]  to 
the  precipitate  to  form  a  mass  of  the  proper  consistency  for  pills,  Thii 
preparation  has  never  enjoyed  the  popularity  of  Blaud*B  pills  aud  \»  sa^ 
fluous,     O.a-O.SG.  (3-5g».). 

MiaruBA  Ferri  Coicpobita  (U.  8.  P.,  B.  P.),  Griffith's  miztnre,  ia  fonnfl 
by  mixing  ferrous  sulphate,  potassinm  carbonate,  myrrh,  sngar,  npiriis  of 
lavender  (nutmeg,  B.  P.)  and  rose  water.  The  ferrous  carbonate  (FeCt»,)ii 
precipitated  and  the  mixture  has  therefore  to  be  shaken  before  tuluii|£,  and 
ought  to  bo  freshly  prepared.     15-30  cc.  (}-l  tt,  ox.). 

Reduced  iron  and  the  four  carbonate  preparations  are  used  exclusively  in 
llic  treatment  of  anaemia.  They  are  practically  devoid  of  irritAnt  propcrtitf, 
and  are  among  the  best  of  all  the  iron  preparations  for  this  purpowv  Tbe 
Blaud^s  Pills  have  in  7>articular  a  well  merited  reputation  in  the  tnitiwol 
of  chloroKirt  and  of  chlorotic  amenorrhrpo.  Another  preparation  u.«t»l  !<>' 
this  purjK>se  but  not  oflicial  is  Fernim  Dinltfaalum  in  which  a  conMdcnM^ 
amount  of  iroo  oxide  is  kept  in  a  stTni-<-olloid  state  dissolved  in  a  minimum 
amount  of  tbe  chloride.     It  tastes  of  iron  but  is  not  astringent. 

Frrri  /fyiroridum  (U.  8.  P.l  ferric  hydrate,  or  hydrfixide  (Fe,(OH|J.  > 
bn>wnisb-red,  pa«ty  nuuH,  insoluule  in  water  or  alcohol,  but  soluble  in  bydn>- 
cbluric  acid,  is  u»ed  almost  exclusively  in  the  treatment  of  arsenic  poisrtniii^,  a*tl 
i»  fu\>i>(iMH\  to  retard  its  absorption  in  the  stomach.  It  ought  to  Ix-  freshly  iirefxtml, 
otherwise  it  forms  particle*  which  combine  with  greater  dithcuUy  with  the  p-tw*- 

Frrri  H'jdnjjiilum  cmot  Mwptfna  (U.  S.  P.),  is  formed  by  precipitjiting  iVnic 
sulphate  by  magnesia  and  is  used  in  untenic  poisoning  and  known  as  the  ar^i^ 
antidote.  hatXi  of  these  preparations  have  to  be  given  freely  in  arsenic  p>ii)^' 
ing,  at  least  15-2(1  G.  {\  oz.).  The  remedy  is  harmless  in  itself,  but  iuefficm')' 
is  very  doubtful, 

Liqttor  Fcrri  AcdatU  (B.  P.),  an  aqueous  solution  of  the  acetate  (Fe^CJttOjJ. 

of  iron.    <*.*"' 


containing  about  31  per  cent,  of  the  salt  or  about  7.5  per  cenL  of  iron. 

transparent,  gamet-red  scales  with  a  slight  imn  to^ 


CO.  (5-15  mins.). 

FKrri  CitrtM  (U.  S.  P.), 


0.05-0.3  G.  (1-5  gra.). 

Ferri  Phosphfu  {B,  P.),  a  powder  containing  not  less  than  47  per  cent,  ofbr 
droits  ferrous  phosphate  (Fe,(P0.),8H,0),  with  ferric  phosphate  aud  some  iron 
oxide.     It  is  a  Hlutc-blue,  umorpoous  powder,  ioHoluble  in  water.     5-10  gi*- 

Syrupus  Ferri  FhosphaiU  (B.  P.).  I  fl.  dr.  represents  1  gr.  of  anhydrous 
ferrous  phosphate,      ^-l  fl.  dr. 

J^CTTt  Phosphor  SolubilU  (U.  S.  P.).  The  phosphate  of  inm  in  insoluble  i" 
itself,  but  is  rendere<l  soluble  by  tho  presence  of  stMlium  citrate — thin,  grean 
scales  with  a  saline  taste,  insoluble  in  alcohol.     0.1-0.5  G.  (2-8  grs,). 

Ferri  I^rophottpha^  SolubilM  (V.  »S.  P.),  like  the  phosphate,  is  rendenni 
aolublo  bv  sodiniii  citrate,  and  resembles  it  in  its  appearance  aud  solubilitj- 
0.1-0.5  G.  (2-8  grs.). 

Fctti  HifjK}phottphi3  (U.  B.  P.)  {Fej(PH,0,),),  a  white  powder,  odorl(« 
-■nd  nearly  tiisUdess,  aUno.^t  insoluble  in  water,  but  dissolved  by  solutions  of 
dkali  citrates.     0.3-1  G.  (6-16  grs.),  in  pill. 
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.04  G.  of 


eontaJDR 

<xintaiDj«  about 


1-2  pill* 


hiltr  Fnri  Todidi  (Ih  8.  P.),  CAch 
TM/>i/j»  Ferri  lodidi  (U.  8,  P.,  B.  P 
2-4'c.c.  (i-1  fl.  dr.)- 

Ferri  Areenas  (B.  P.),  iron  arsenate,  consists  of  ferrous  arsenate 
CPe,(iVaO^).,  GHjO),  with  ferrir  ai-seuatc  and  some  iron  oxide,  and  fomis  a 
tjiflieleas,  amoqihoua  powder  of  a  greenish  color,  insoliiblo  in  \vat«r.  t",-;-  \  gr. 
These  preparations  Iwvo  all  been  prescribed  to  a  greater  or  less  ext<?ut  in 
the  treatment  of  antemia,  the  lactate,  phosphate  and  pyropho8]>hate  bi'ing 
perhaps  more  widely  used  than  the  others.  It  ia  needless  1^^  i-epeat  that  the 
vilerianate  is  not  of  greater  value  in  hysteria  than  the  other  prepiinitiona,  via 
valerianic  acid  is  useless  in  this  condition.  The  iodide  has  been  advised  in 
order  to  combine  the  effects  of  iodide  and  iron,  but  the  iodide  pven  in  this 
form  is  in  much  smaller  quantity  than  that  found  necessary  in  the  iodide  of 
potassium  treatment,  and  it  ftcems  open  to  qut^tion  whether  th«  iiuprovcment 
u  not  due  to  the  iron  only.  TIk'  hypopbosphite  is  also  used  in  cachexia,  in 
t>rclL'r  to  combiuo  the  hypopbosphite  and  the  iroa  eOectti. 

^CTTi  et  Qttininx  Citrax  (U.  g.  p.^  B.  P.),  thin  scales  of  a  reddish-brown 
(^olor,  and  of  a  bitter,  iron  taste,  slowly  soluble  in  water,  partially  soluble  in 
Alcohol,  containing  11.5  percent,  of  quinine  and  14.5  percent,  of  iron  U.  S.  P. 
0.3-4).(»  O.  (5-10  grs.). 

J'erri  et  Quinime  ('itras  SoiuhUij*  (U.  S.  P.),  thin  scales  of  a  jjreenish  cohtt 
And  of  a  hitler,  iron  taste,  easily  soluble  in  water,  only  partially  in  al<;ohol. 
^t  eontaiuA  the  some  amount  of  iron  and  quinineas  the  ordinary  preparation. 

I«.S-4l.6G.  {."i-lO  grs.). 
Ferri  et  Strychninee  CUraa  (XI.  S.  P.),  thin,  transparent  scales  of  (farnet-rc<l 
^»"  yeIlt>wif'h-brown  color,  readily  soluble  in  water,  containing  abtmt  1  per 
^*5nt.  of  strj'cbuine  and  about  16  per  cent,  of  iron.     0.1-0.3  O.  (2-5  grs. ). 
Syrupus  Fcrri,  Quininx  el  Slryckninie  Phosphatum  (XT,  S.  P.),  Syruyvs  Ferri 
Phonphntifi  cum  Qtiinitui  ft  Sfnjchnina  (B.  P. ).      2-4  c.c.  I A-1  fl.  dr.). 
(xfyrrritiim  Ferri,  QuininT  rf  /Strychuinfr  P/w»phafiim  iV  .t':  P.).   I  c.c.(  IT)  mins. ). 
Eiijtr  Ferri,  Quiiit/uc  et  Sfrychniiuv.  PhnAphntum  (U.  S.  P.).     4  c.C.  (1  fl.  dr.). 
Ferri  et  Ammonii  Citrwt  (U.  S,  P.,  B.  P.),  thin  Rarnet-red  Hcnles  with  an 
^-cid,  iron  taste,  soluble  in  water  and  coutainiu(f  10  per  cent.  iron.     0.3-0.6 
Ci.  (,V10Kr3.). 
^k       Ferri  et  Ammonii   TnrtroM  (U.  S.  P.),  thin,  transparent,  garnet-red  scales, 
HVery  RoUible  in  water  and  containing  about  17  per  cent,  of  iruu.     0.3-0.6  O. 
WG-lOKre.). 

W  Ferri  et  Potasaii  Tartras  (17,  S.  P.),  Ferrum  Tartaratum  (B.  P.)  resembles  the 
lajct  preparation,  but  contains  only  about  15  per  cent,  of  iron.  0.3-0.6  O. 
^5-10  grs.). 

Liquor  Ferri  et  Ammonii  AceltUiA  (XT.  8.  P.),  Bashani*8  mixture,  contains 
<3nly  a  very  small  proportion  of  iron,  along  with  acetic  acid,  ammonium 
aoetate,  aromatic  elixir  and  glycerin.     15-30  c.C.  (J-1  fl.  oz.), 
Vinmn  Ferri  (B.  P.).     1-4  tl.  drs. 

■         Vmum  Ftrri  Amarnm  (U.  8.  P.).      8-15  c.c.  (2-4  fl.  dre.). 
Vinum  Ferri  Citrati'  (B.  P.),  Vimtm  Fhri  (IT,  S.  P.K     4-15  c.c.  (1-4  fl.  dw.^. 

The  two  wines  of  iron  of  the  U,  8.  I*,  are  pn^ctirally  identical  except  that 
the  first  c<mtuins  the  citrate  of  iron  and  (piinine,  the  Be<H)nd,  the  citrate  of 
iron  and  ntnmonium.  Ea<'h  is  made  up  with  titu-luro  of  sweet  oninge  peel, 
syrup  am!  whit©  wine.  The  iron  wine  of  the  B.  P.  is  formed  by  diss<^)1ving 
iron  in  sherry  wine,  the  citrate  of  iron  vine  by  dissolving  the  citrate  In 
orange  wine. 

The  double  salts  of  iron  (scale  preparations)  and  the  wines  are  ;ised  to 
some  extent  in  eblorosia,  but  more  frequently  iu  ctmvalescence  from  acute 
fevers,  which  is  often  attended  by  anicmia ;  in  these  cases  the  iron  wines 
are  often  of  considerable  vjilui\  The  double  salt^  are  not  so  liable  to  diKturb 
the  digestion  as  the  other  BohihU«  prrparrtti<uis  of  iron,  but  are  not  &U|>erior 
to  tlie  carbonate  preparations  utui  the  reduced  iron  iu  this  respect. 
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Iron  \»  contained  in  many  minfrni  ico/^m,  which  air  therefon  mi\i-<i  ih 
caaes  of  antemia.  It  is  generally  in  the  form  of  the  carbonate,  which  ti^diir 
Bolved  by  the  excess  of  carbonic  acid  present^  but  becomes  nxitiized  In 
the  inBoluhle  ferric  hydrate  in  the  air.  Tlie  amount  of  iron  coDlaioM  ik 
smuU,  seldom  being  more  than  0.1  O.  i>er  litre,  but  the  tTratmiiil  of 
chloro!«is  is  unquestionably  aided  by  change  of  scene  and  in  particnlnr  by  tfap 
high  elevalioni*  at  which  many  of  these  springs  are  situated,  so  that  !h<  sue- 
ces9  of  treatment  with  these  iron  waters  i*  perfectly  intelligible.  Balldii|;in 
iron  water  has  no  further  ueliou  on  the  blood  than  ordinar)*  baths,  w  bo 
iron  is  absorbed. 

Many  Proteid  CompoTinda  of  iron  have  been  introduced  into  thenpratin 
In  the  lost  few  years,  but  few  of  them  need  be  mentioned,  as  a  large  numStr 
of  them  promise  to  be  relegated  to  merited  oblivion  in  the  near  future.  TV 
aihtnninaifi  of  iron  and  the  peptonatr  of  iron  are  generally  prepared  by  the 
action  of  the  chloride  on  egg  albumin  or  on  peptone,  and  vary  very  coiwi'l- 
erably  in  the  percentage  of  iron  contwned.  In  most  of  them  the  albu- 
minate or  peptonate  Is  accompanied  by  more  or  less  perchloride  a&d  oiidr. 
These  preparations  are  not  "organic*'  iron  in  the  sense  defined  on  page  659, 
for  the  iron  can  l>e  split  otT  easily,  and  iis  prt'ci  pita  ted  by  sulphides  almcst 
as  readily  as  the  ordinary  salt^.  The  albuminate;  and  peptonate  pofisrnno 
advantage  over  the  usual  preparations,  unless  they  prove  less  irritant  to  the 
stomach,  and  of  this  there  is  no  satisfiu'tory  evidence.  Soluble  pepti^nattiAtid 
albuminate  of  inm  are  put  on  the  market  by  a  number  of  mauufacturtTs. 

SiOimiedeberg  found  in  the  liver  an  iron  compound  which  does  not  sivm 
to  resemble  the  ordinary  salts,  for  it  is  only  blackened  by  sulphi<k's  alUT 
sometime,  and  in  other  ways  shows  resemblances  to  the  '•organic  iroa,'' 
such  lis  the  luemutogen  of  the  yolk  of  egg.  It  would  seem  to  »tand  mitiwuy 
between  the  ordinury  dissociable  salts  and  haemoglobin,  for  it  react*  U) 
ammonium  sulphide  more  tardily  than  the  formefi  while  the  latter  isDOt 
atTected  by  this  reagent.  Sehmiodeberg  named  thia  compound,  wfaich  i^ 
an  iri>n-C(jntaining  pruceid,  Ferratin.  He  attempted  to  form  a  amilnrffl^ 
stance  syntlietically  from  the  white  of  egg,  and  obtainetl  a  body  oonUinlDS 
6-8  per  cent,  of  inm,  which  reacted  similarly  with  sulphide,  and  wUicii  1» 
faileil  to  dissociate  by  electrolysis.  Believing  it  to  be  identical  with  ttw 
hepatic  ferratin,  he  advised  it.s  use  in  chlorosis  as  being  a  naturid  food  iron- 
It  is  impossible  to  state  from  these  reactions,  however,  that  the  two^iiV 
stiwices — the  hepatic  and  the  artificial  ferratin — are  identical,  and,  in  fa^t, 
Maeallum  finds  that  the  former  fails  to  give  the  li:ematoxy1on  tesl^  while  tf* 
latter  yields  it  re4ulily. 

Artificial  ferratin  is  |>artiaUy  decomposed  in  the  stomach  into  onliniwy 
inurgiiniu  .salts,  but  there  seems  reason  to  believe  that  it  is  absorbed  WW* 
easily  than  the  ustml  preparations,  and  it  is  not  irritant  to  the  stoiuiu^h  ^li 
does  not  often  give  rise  to  dyspepsia.  On  the  whole,  ferratin  seetus  a  p^^ 
pn-panitinn  for  use  in  chlorosis,  but  posse&nes  no  such  sftecific  virtues  as  havr 
been  attributed  to  it  by  enthusiastic  advocates,  and  it  ha.s  the  disailvant*^ 
of  being  very  much  more  expensive  than  most  other  preparations.  It  is 
given  in  powder  or  pill,  or  in  solution  as  a  sodium  compound,  in  quaatititf 
of  0.5-1.5  O.  (8-20  grs.)  jxr  day.  I 

Otrniferrin  is  an  iron  compound  of  caml phosphoric  (phosphnsarkintc)  I 
acid,  which  is  obtained  from  beef  extract.  It  contftins  35  per  cent,  of  iroo,  ^ 
and  seems  to  bear  the  same  relation  to  the  inorganic  suits  and  to  hjcn»>-  ■ 
globin  an  artificial  ferratin,  for  while  it  reacts  slowly  to  sulphide,  it  gives  ibe  I 
hosmatoxylou  test.  It  has  been  highly  recommended  in  chlorosis,  as  it  does  j 
not  irritate  the  stomach  and  is  rapidly  absorbed.  It  is  given  in  doses  of 
0.5  (j.  (8  gra.)  three  times  a  day  in  powder,  and  like  ferratin,  is  iKilublo  ta  [ 
alkalim^  solutions. 

The  funnatotfi'ti  of  the  yolk  of  egg,  another  organic  iron  of  the  same  tyi* 
as  ferratin  and  carniferriu,  is  obtuiued  in  too  small  tpmutity  to  be  available 
fur  lherux>eutic  use,  but  seems  to  l>e  absorbed  readily. 
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Other  pruteiil  comjmunds  which  have  been  advined  are  fordiwi  from  yolk 
or  from  casein,  by  the  Hrlililion  of  iron  8aIU. 

I  has  !>con  used  in  thcnipeutics  by  uncivilized  peoples  since  time 
nown,  and  has  also  been  n^oominunded  iu  modern  medicine  in  the 
■eatment  of  chlorosis,  in  which  it  ia  administered  by  the  mouth,  and  also  I 
Tiy|KMlermici\lly,  though  the  hater  metho<i  ia  difficult  to  carry  out  aseptically.  1 
Bxmoglubin  has  also  been  advertised  largely  of  late  years  In  a  more  or  less 
impure  form.  In  the  stomach,  hiEmoRlobiu,  whcllicr  contained  in  blood  or 
a-s  crystals,  is  changed  to  hiPmatin  ;  AbderhaUlen  found  thai  both  hicmo- 
globtu  and  hiematin  are  al>surlH;d  and  lead  to  an  increase  in  the  hjenioglo- 
biu  of  the  bluod.  ffarnol  and  htemogallol  are  prepared  from  blood  by  agitat- 
inR  it  with  zinc  and  with  pyrogallol  respectively,  and  have  been  strouply 
recommended  by  their  discoverer^  Robert,  and  by  some  clinicians,  but  have 
been  found  by  ot)»er8  of  less  value  than  the  old  inorganic  salts.  I 

The  *'orjjriu"c"  iron  prcparatious  therefore  seem  to  have  little  to  recom-    | 

fct\d  them  as  superior  to  the  "  inorganic,"  except  that  fcrratiu  and  cami-  I 
rin  are  probal)ly  more  rapidly  absorbed,  and  are  less  liable  to  cause 
dyspepsia  tlian  many  of  tlie  older  ^ioXX^.  Whore  there  is  sjiecial  difliculty  in  I 
administeniig  the  more  commonly  used  forms,  these  tM'o  may  be  substitiitcKl 
for  them  with  advantage,  but  they  seem  to  be  unnecesKary  in  ordinnrj^  uises. 
Ia  regard  to  the  other  pn*pai-ations  raeutioued,  further  and  impartial  iuvea- 
tion  18  required  before  their  plae«  in  therapeutics  caa  bo  dclermiuecL 
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Ix*ad  is  ueed  to  0ome  extent  in  therapeutics,  but  its  chief  interest 
from  a  medical  point  of  view  lies  in  the  frecjiienry  with  which  it  gives 
rise  to  chronic  poisoning,  and  in  the  diversity  of  the  symptoms  pre- 
sented in  that  condition. 

Solutions  of  lead  salts  precipitate  albumin,  and  the  precipitate  in 
more  dense  an<l  heavy  than  that  of  mercury,  and  less  soluble  in  cices* 
of  the  salt.  This  precipitate  is  formed  when  lead  solutions  are  applied 
to  the  mucous  membranes,  and  protects  them  from  the  jwuetnitlcm  ()f 
the  metal,  so  that  lead  is  one  of  the  least  corrosive,  and  one  of  the  most 
a.stringeut  of  the  heavy  metals.  This  absence  of  corrosion  is  only  ia 
part  due  to  the  character  of  tlie  precipitate,  for  lead  forms  insoluble 
and  therefore  non-irritant  salts  with  two  of  the  most  corrosive  acids, 
hy<lnH!h!oric  and  sulphuric  acids.  The  soluble  nitnite  of  lead  is 
com|>aratively  irritating  because  it  is  readily  dissociated  and  also  be- 
cause the  nitric  acid  formed  by  its  contact  with  protcid  is  itself  corro- 
sive. The  only  soluble  salts  which  are  largely  used  are  the  acetaten, 
and  these  are  slowly  dissociated  and  the  acid  is  only  slightly  active,  so 
that  the  astringent  metallic  ion  alone  comes  into  play. 

Symptoms.  —  In  ordinary  therapeutic  doses,  the  acetate  of  lead 
(sugar  of  lead)  has  a  sweetish,  metallic  taste  followed  by  a  feeling  of 
astringency,  and  induces  no  sympt4^»ms  except  constipation.  The  slooU 
after  lead  are  often  said  to  he  dark  in  color  from  the  sulphide  foraicd 
in  the  intestine,  but  this  dtx^s  not  seem  to  be  the  general  rule.  Prob- 
ably little  lead  is  absorbed  from  an  ordinary  dose  of  the  acetate;  al 
any  rate  no  symptoms  arise  from  the  general  action  of  the  metal  ab- 
Borln^d. 

Lead  acetate  solutions  applied  to  the  skin  liave  no  effect,  but  mucous 
monibranes,  or  exposed  tissues,  such  as  ulcers,  are  coverwi  with  u  thiu 
l>ellicle  of  albuminate,  which  serves  to  protect  them  from  irritatiou, 
jiid  thus  promotes  their  healing. 

When  very  large  (juantities  of  acetate  are  swallowed,  particulirly  if 
in  a  coHCi'utnited  form,  they  give  rise  to  the  ordinary  syniptijms  of  irri- 
tant jwistming,  nausea,  vomiting,  pain  in  the  abdomen,  violent  putt- 
ing or  sometimes  constipation,  bItHxl  in  the  vomited  matter  and  stvxiLs 
grejit  thirst,  weakness,  and  collapse.  In  some  instances  in  which  the 
patients  recovered  from  these  symptoms^  they  subsotjuently  siiffoml 
from  chroniR  lead  puistmiiig,  but  apart  from  these,  nothing  in  theff»URi' 
of  acute  lead  poisoning  suggests  the  abwrption  of  the  metal,  all  tk 
symptoms  being  obviously  due  to  the  local  effects  on  the  stomach  ind 
Wwel,  and  to  the  consequent  collapse.  In  fact  the  efiTects  of  a  sudden 
absorption  of  lead  in  man  are  unkno^vn. 

In  animalfl  also,  some  tlifliculty  has  been  met  in  inducing  the  symptons 
due  to  the  action  of  large  quantities  of  lead  in  tho  tissu<»,  tiecause  m<«t 
forms  of  lead  iiiject-ed  into  the  vessels  precipitate  the  protcids  of  the  blood 
and  cause  embolism^  while,  on  the  other  band,  only  local  symptoms  can  be 
iuduoed   by  it^  administration  by  the  mouth.     Hamack  investigated  thi$ 
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wiiit  l>y  injectinji;  salta  of  Icnd-triotliyl,  in  wliich  the  metjil  is  not  cnntainet) 
B  a  dissociable  form,  but  wliich  ih  decomposefl  in  the  lifiKiieH  and  then  gives 
M>  to  lead  symptoms.  In  this  way  ho  hoped  to  be  able  to  e)uei<lut«  the 
rxnptomfi  of  chruaic  lead  puisoninKr  but  his  results  havo  not  been  of  mueb 
ftlae  for  this  purpo«e,  although  they  ara  of  some  interest.  In  the  frog  he 
Kind  that  his  compound  produced  general  paralysis,  which  ho  ascribed  to 
Btion  ou  the  muscles,  but  which  Wyss  later  stated  to  be  due  to  action  ou  the 
intral  nervous  system.  Ifamack  describes  the  mtiRcles  as  being  easily 
tigaed,  and  gives  some  further  pcculiiiritics  induced  by  lead  in  them,  hut 
TysB  found  in  apparently  equally  satisfactory  experiments  that  the  muscles 
iero  practically  unaffected  at  death.    In  the  dog  large  doses  of  lead  injected 

5 to  a  vein  induce*!  weakness  and  paralysis,  \iolent  diarrhflea,  chorea-like 
DvementA,  tremors,  which  often  assume  the  appcaranco  of  true  convulsions, 
ad  ataxia.  The  diarrba-a  was  attended  by  severe  colic,  and  both  of  the^^e 
fmptoms  were  removed  by  atropine.  It  would  therefore  aftpcar  that  the 
flic  is  here  due  to  nervous  intlucnces,  and  not  to  the  muscle  of  the  intestine 
eing  immediately  acti'd  upon,  for  atropine  paralyzes  only  the  temiinationa 
f  nerves.  The  diarrhtui  Hurnack  found  to  be  due  to  violent  contrac- 
ons  of  the  intestinal  walls,  which  maintained  a  certain  degree  of  eontractitm 
iren  when  no  peristaltic  wave  was  ftassing.  Thus  action  of  lead  upon  the 
Ite^tinc  is  of  interest,  because  it  bears  a  close  relation  to  the  coUe  observed 
chrtmic  lead  poisoning  in  man,  although  faerf^  therp  is  generally  con- 
ation, and  also  because  it  connects  lead  with  the  other  heavy  metals, 
of  which  have  more  or  less  specific  action  on  the  intestine.  The  ataxia 
other  brain  symptoms  also  have  their  counterjjurt  in  the  braiu  symptume 
chronic  poisoning  in  man. 

A  single  dose  of  a  lead  salt  does  not  generally  give  rise  to  any  eyrap- 

Uns  which  would  indicate  tlie  alhsorption  of  the  metal,  but  tfie  eon- 

pucd  iugcslion  of  small  quantities  by  way  of  the  stomach,  or  by 

halation  by  the  lungs,  induces  chronic  poisoning,  which  can   l>e  ex- 

ained  only  by  its  absorption.     There  seems  some   reason   to  believe 

int  lead  is  absorbed  from  the  unbroken  skin,  though  it  is  possible  that 

»me  of  the  metal  was  carriLHl  to  the  moutli  and  swallowed  with  the 

)od  in  the  eases  on  wliich  the  statement  is  founded.     Ix-ad  is  appar- 

Btly  Absorbed  more  rjipidly  than  most  of  the  metals  except  mercury, 

nd  remains   lodg*'d   in   the  tissues  a  long  time,  the  excretion   taking 

laee  only  very  slowly.     It  is  found  in  most  organs  in  eases  of  poison- 

Bg,  particularly  in  th*'  liver  and  kitiney.      It  is  Excreted  in  tlu^  urine, 

me  bile,  the  secretion  of  the  intestinal  epithelium,  and   in   milk  and 

■liva.     It  is  still  disjmtt-d  whether  it  is  elimiuatetl  by  the  skin  glnnds, 

It  whether  the  lead  (iften  seen  nn  the  akin  in  cases  of  poisoning  is  not 

Imply  depiisitctl  there  as  dust  from  the  air. 

Chronic  Lead  Poisoning  is  the  commonest  of  all  forms  of  metallic 
K)ibouing,  and  at  the  s;kmt;  time  one  of  the  moat  iusi<liouB.  It  is  al- 
rays  accidental,  and  although  it  is  most  common  in  workers  in  lead, 
bay  occur  in  persons  who  are  not  apparently  liable  to  come  in  contact 
irith  the  metal.  There  is  no  question  that  some  people  are  much  mt>re 
nsceptible  to  lead  than  others.  Anromia  and  weakness  from  any  cause 
ire  generally  believed  to  predispose  to  the  disease,  women  and  children 
(Tc  more  liable  to  it  than  men,  and  alcoholism  and  previous  lead  in- 
toxication increase  the  tendency  to  the  attack.  Relapses  are  very 
gnmmon,  and  may  occur  years  ailcr  tlie  first  symptomsj  even  although 
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titore  li»s  been  no  further  ex]M>sQre  in  the  interval.     Lead  5mc?l<<> 
workers  in  wliite  lent]  fai^tories,  painters,  plunilwrs,  clc<'triciaax,     nr 
ty|>csctters  an*  liable  to  lead  poisoning  from  continually  handling-     th 
metal ;  but  other  trades  are  not  exempt  from   it,   and   sometime?®     tii 
channels   by  which   it  gains  entrance  to  the  body  are  ven*  obsou 
Some  of  the  more  common  causes  of  poisoning  are  lead  water-pipes  o 
rooking  utensils^  lead  u8e<l  to  close  tins  of  meat  or  fruit,  and  IcfltJ    ■'* 
hair  dyes.     Formerly  a  c*)mni()n  source  of  poisoning  was  wine   an" 
eider  to  which  lead  had  been  added  to  reduce  the  acidity.     A  eonsitJ*^^' 
able  num}>er  of  cases  of  poisoning  have  been  recorded  from  ihe  iis<?  *** 
IcutI  preparations  an  abortifacients. 

The  symptoms  of  chronic  lead  poisoning  vary  greatly  in  different 
cases,  sometimes  only  one  or  two  orgjins  being  attacked,  in  others  tli^ 
whole  economy  appt^aring  involve<l  in  t\w  disorder.  The  8yiuptoi**=' 
may  be  divided  into  groui>s  for  convenience,  but  it  is  to  be  noted  tU*^ 
many  of  these  ap|)ear  to  be  closely  inter-connected,  and  that  in  n*^**" 
cases  it  is  impossible  to  decide  whether  a  set  of  symptoms  is  dii^  ' 
direct  action  u{>ou  a  single  organ,  or  to  the  simultaneous  discos^-'^  ^ 
several.  ^^ 

The  Month,  Btomach  and  Digestion  very  of^n  give  early  indicati^''^ 
of  lead  poisoning-  The  iHitiont  complains  of  loss  of  appetite,  nauf*^^ 
twastipation,  wasting,  a  metallic  taste  ami  fijetid  bivath,  and  a  bl«'*^ 
black  line  is  seen  along  the  margin  of  the  teeth  where  they  enter  t*^^ 
gums.  This  "  lead  line  "  Ls  due  to  the  precipitation  of  lead  sulphi**^ 
by  the  hydrogen  sulphide  produced  by  the  action  of  bacteria,  and  it  '*■ 
often  ab?*eut,  especially  wh(!re  the  t*i^th  are  not  c-iri(»iiH  and  are  kep 
clean.  The  metallic  taste  s^x-ms  due  to  the  excretion  of  lead  in  tb*^ 
saliva,  and  the  loss  of  apjx'tite  may  arise  from  the  same  cause.  Tht^t? 
sympioina  may  be  produced  in  animals  also.  Vin^how  and  Muicr 
found  in  one  case  in  man  the  gastric  epithelium  in  a  state  of  fatty  de- 
generation, and  proliftTJition  of  the  connc<!tive  tissue  of  the  mucous 
membrane. 

Antuh<T  early  sym()tj.>m  is  Ansmia,  which  may  l>e  due  in  part  to  the 
malnutrition,  but  is  attributed  mainly  to  an  abuiirmal  destruction  of 
the  red  cx'lLs  of  tlie  blood;  the  white  corpuscles  are  increa.s<3d  in  many 
cases  hut  not  in  all.  It  is  often  accompanied  by  jaundice,  witli  thf? 
highly  pigmented  uritie  and  other  symptoms  which  usually  follow  the 
liberation  of  large  quantities  of  ha?moglobiu  from  the  l»reaking  up  of 
red  ciillH-  It  is  stated  ihut  the  ro<l  l»lin»d-<M'lls  often  contain  granules 
staining  with  basophile  dyes  and  indicating  incomplete  disappcaranoQ 
of  the  nucleus ;  this  change  may  present  itself  before  any  otlier  symp- 
tom. The  anicmia  is  often  very  marked,  and  is  sometimes  the  chief  or 
only  symptom  of  lead  poisoning  ;  according  to  some  authorities,  it  sa 
present  in  a  greater  or  less  degree  in  the  majfirity  {»r  white-lead  work- 
ers, and  it  leads  to  weakness,  languor,  and  in  young  women  often  to 
araenorrha?a.  Alxirtiou  is  very  oft«n  met  with  in  lead  poisoning,  and 
in  women  employed  in  lead  works  who  do  not  showauy  marked  Bvmp- 
toms  of  disease.     The  children  of  parents  suflFering  from  lead  are  often 
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weak  aiiJ  undersized^  and  a  very  large  proportion  of  them  die  in  early 
infancy. 

One  of  the  commonest  symptoms  is  Lead  Colic,  painters'  colic,  colica 
Uumina  or  oolica  Pictonum.  This  generally  set^  in  suddenly,  and  is 
»ni[^ianied  in  most  cases  by  obstinate  cmistipatitni,  in  a  very  small 
(portion  by  diarrhoea.  Paroxysms  of  the  most  acute  agi>ny  arc  fol- 
lowed by  intervals  of  comparative  freedom  from  pain,  but  in  the^e  in- 
tervals some  tenderness  of  the  abdomen  may  Ix;  eompbiincd  ttf,  while 
during  the  attack  pressure  generally  relieves  the  pain.  The  colic  lasts 
for  several  days,  or  a  week,  and  then  ilisappe^ars,  but  is  liable  Ut  return 

I  at  intervals.  The  abdomen  is  generally  hollow,  retracted  and  hard, 
and  during  the  acute  sjMisms  the  patient  oflen  gains  some  relief  by  lying 

'■  on  his  face  with  tlie  fists  pressed  against  the  luiibiliciil  region,  to  which 
the  [Klin  is  usually  referrctl.  Vomiting  is  frequently  presunt,  the  pulse 
is  slow  and  very  hard,  especially  during  the  acute  crises,  while  the 
respiration  may  be  accelerated.  The  urine  is  eeauty,  and,  accurdiug 
to  iStokvis  and  Nakorai,  contains  hrcmatoporphyrin. 

The  cause  of  lead  colic  is  evidently  spasm  of  the  intestine,  which  ia 
generally  attributed  to  action  on  the  nervous  ganglia  of  the  walls.     It 

■cau  be  induced  in  animals,  and  according  to  Harnack,  is  relieved  by 

■atropine,  which  would  snppiirt  the  belief  that  it  is  of  nervous  origin. 
The  bk)od-|)ressure  is  raised  in  man,  not  only  during  the  siMisms,  but 
also  in  the  intervals.  Tliis  contnietion  of  the  vessels  and  the  slowing 
of  the  pulse  is  often  sjiid  to  be  reflex  from  ihc  pain,  but  this  setuns  to 

B>o  disproved  by  the  fact  that  it  remains  during  the  intervals.  Some 
writers  have  therefore  regarded  the  colic  and  its  attendant  symptoms 
as  due  to  a  vascular  spasm,  and  have  sup]K>rted  tliis  by  showing  that 
nitrite  of  amyl,  which  dilates  the  vessels,  also  relieves  the  colic, 

kOu  tlie  whole,  the  colic  appears  to  be  of  nervous  origin,  but  whether 
be  focus  of  disease  lies  in  the  wall  of  the  intestine,  in  the  nerves 
leading  to  it,  or  in  the  central  nervous  system,  it  is  impossible  to  de- 
termine at  present. 

I  Another  common  result  of  chronic  lead  poisoning  is  Paralysis,  leiul 
or  painters'  palsy,  paralysis  saturnina,  wliich  is  almost  invariably 
limited  to  certain  groups  of  muscles,  the  extensors  of  the  forearm. 
It  is  bilateral  in  the  great  majority  of  cases,  but  sometimes  involves 
only  one  arm.     The  aireetion  generally  begins  in  the  middle  ;md  ring 

t fingers,  M'hich  cannot  be  extended,  then  spreads  to  the  index  and  little 
finger,  and  afterwards  to  the  thumb  and  wrist.  The  fingers  remain 
flexed  and  later  the  wrist  is  similarly  alfectetl,  so  that  the  condition  is 
often  known  as  wrist-droji.  Even  after  all  the  other  muscles  of  the  ex- 
teuB4:ir  surface  of  the  fori'ai*m  are  involved,  the  supinatijr  longus  remains 
normal  as  a  general  rule.  The  muscles  affected  atrophy  rapidly,  and 
in  old  cases  contracture  of  the  flexor  muscles  sets  in,  when  the  limb 
becomes  immovable  and  has  a  chararteristii"  claw-like  apj)earance, 
Jfore  rarely  other  regions  are  affected,  such  as  the  lar^-ngeal  muscles  (in 
the  horse),  the  external  rectus  of  the  eye,  or  the  muscles  of  the  leg.  In 
rabbits  and  guinea-pigs  several  ob8er\'era  have  succeeded  in  inducing 
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])urulysis  of  tliu  hiiul  limbta,  and  tbe  le^  are  said  to  be  aifected  very 
often  in  yotiug  children,     When  paralj-sis   is  compl<?tc,  the  indnnO 
eU'ctno  curn-nt  fails  to  cause  (Hmtniction,  whether  it  is  applied  to  llie 
luscle  or  to  the  nerve,  but  the  galvanic  shock  induces  an  abnornwlly 
'strong  contraction  when  it  is  pasi^ed  ihmngh  the  muBcle,  the  luakc 
Aook  having  more  effect  than  the  bri-ak  ;  the  contraction  is  more  pro- 
longed, the  relaxation  slower  than  in  normal  roubles.     This  reacdoo 
of  degcueratiuu  is  said  to  occur  in  the  other  mut^Ies  in  lead  poitK>nii)^, 
even  when  no  paralysis  can  be  detected  in  them.     The  cause  of  M 
])a1sy  is  still  undecided,  for  while  in  some  cases  there  is  undoubtedly  a 
|M!riphcral  neuritis  and  nerve  degeneration,  and  no  anatomieai  lesioo 
of  the  spinal  cord,  yet  in  others  very  distinct  degeneration  of  the  coni, 
pjirticularly  of  the  cells  of  tlm  anterior  horn,  has  been  observed.    Al- 
though tt)c  majority  of  pathologists  at  the  present  time  are  of  th^ 
opinion  that  the  lesion  is  a  jwripberal  neuritis,  and  that  the  degciu^ra- 
tion  of  the  cord  is  eitlier  a  consequence  of  this,  or  is  perhaps  an  eo- 
tirely  independent  lesion,  some  authorities  hold  that  the  focU5  of  dis- 
ease is  situuttKl  in  the  cord,  and  that  tlie  neuritis  is  merely  an  extension 
of  tbe  process.     They  explain  the  absence  of  visible  changes  of  tlw 
cord  iu  some  eases  by  supposing  that  the  function  of  the  wll  is  d*- 
Btniycil  by  the  poison,  without  actual  anatomical  lesion.     A  third  vie^ 
which  was  held  formerly,  but  has  been  abandoned  except  by  a  vety 
few,  is  that  the  original  lesion  is  in  the  muscles.     Peripheral  neurit'* 
has  been  elicited  repeatedly  in  animals. 

Local  Anaesthesia  is  also  observed  occasionally,  tliough  much  mo^e 
rarely  than  paralysis.     It  is  generally  sudden  in  its  onset,  but  may    ^^ 
preceded  l>y  numbness  or  tickling  of  the  skin,  and  generally  lusts  oC*  » - 
one  or  two  weeks,  when  sensation  returns  again  to  the  part 

Lead  Arthralgia  is  more  commonly  observed,  |H^rhap3  because  it 
80  much  more  evident.     It  consists  in  shar]>  lancinating  or  bori   ^^ 
pains  in  the  joints,  bones,  or  the  flexor  muscle."  around  the  joints,  *--   * 
intensity  uf  the  pniu  bein^  comparable  only  to  tliat  of  lead  colic 
Bctfl  in  suddenly,  usually  iu  the  night,  and  generally  disappears  assc' 
denly.     This  symptom  is  not  in  any  way  dependent  on  the  gout  whi-  - 
is  often  induced  by  lead  {H)idoning,  and  its  explanation,  like  that       "^^ 
the  aniesthesia,  is  f|uite  unknown. 

Lwnl  Amblyopia,  *)r  l)lindt»iSH,  is  one  of  the  rarer  affecrions. 
sight  may  be  lost  completely,  or  may  only  be  dim,  and  the  onset  n 
be  suililen  or  gradual.     In  some  cases  the  ophthalmo.sco|)e  gives 
clue  to  tlie  cause  of  the  blindness,  iu  others  an  acute  jKipillitis  is 
out.     Stood  ascribes  the  amblyopia  to  several  causes,  which  may 
give  rise  to  it  separately  or  may  act  together.     The  first  of  thes^ 
a  neuritis  of  the  optic  nerve  in  the  eye,  which  gives  distinct  ophth» 
moscopic  appearances.     In  the  second  the  neuritis  may  l>e  desce 
ing  or  retrobulbar,  and  may   induce  little  visible  change,  while 
third  cause  of  blinduesH  may  be  uricmia  with  an  efl'usion  into  tlie  o^ 
sheath,  and  a  fourth  is  albuminuric  retinitis,  these  two  last  fo*^"^  '^ 
being  due  not  to  a  dircct  action  on  tlie  nerve,  but  to  the  nephritis 
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Id  Btiunals  eerefacal  ^iD|itocDs  arv  mdilv  iwiiKad  br  lead,  eitfaer 
^y  iotravexBoas  injectioii  (Hamck),  or  br  chronio  powoning  with  tbe 
<>^i<ianr  aftlfcs.     Cbom,  irenkorB  and  general  ooovalaoBS  bave  been 
^^*ti8cd  in  this  war  in  do^ 

Tbe  eooepbakipathU  is  obrioasly  of  cerebral  oriftn  for  tbe  iDOfli 

l^vrt,  altboogfa  tike  lower  diviaioos  of  tbe  centzal  oervoos  sysbtm  are 

-^Iso  nnralrcd  in  many  eases.     In  several  autopsies  of  patients  dyin^ 

■VvjKu  )ead  poisoning-,  atrophy  of  part5  of  tbe  c«i4brum,  or  hieniorrbages 

'k^ve  been  Ibond,  and  very  fieqaentir  dist^^  of  tbe   brain  vc!f;sels  — 

$»eriartcritis,  endoarteritifl^  atberoota  or  bjaliDC   degeneration  —  has 

^>e«?n  met  with.     In  other  cases  of  undoubted  eDcepbalofiathia  iu  man, 

each  lesions  lijive  been  ofaeer^'ed,  and  in  auimal^  poiitomni  by  Har- 

icVs  method  they  are  certainly  not  present.     Many  of  tlie  ftymptoms 

obviously  not  due  to  these  groea  lesions,  for  the  suddenness  of  tlietr 

and  of  the  recovery  precludes  any  such  ejcplanation,  and  ^Uaw 

****t  lead  lias  also  a  direct  action  on  the  hraiu  oells.     Lugnro  and 

Swafler  have  described  some  ultenitioiu   iu  the  chromatin  mid  the 

™W>drite8  of  the  nerve  cells,  which  they  supptwe  indicate  this  dinvt 

■™*tion ;  McCarthy  found  marked  changes  in  the  ciipillarii^  of  the 

•^•rvbnl  fortex  in  a  dog  which  was  subjected  to  the  action  of  lead  for 

^^*>  iijonihs  and  which  prt^s<*ntod  symptoms  of  cerebral  disorder  simitar 

o  tiiu^  met  with  in  chronic  poisoning  in  man. 

*t  muist  be  noted  that  in  addition  to  these  generally  nvngnizeil  .svmp- 
'"*'   of  enoephaloiwitliia  ijaturuina,  several  obscure  dironic  nervous 
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(liMiaM.':<  have  l>eeD  ascribed  by  Putuaui  aud  others  to  lead  intoxicatuK). 
and  it  is  certainly  possible  that  its  action  may  prove  to  be  evi-n  marp 
wide-rearliing  and  insidious  than  is  generally  reooguired  at  j)resent,but 
it  docs  not  seem  profitable  to  enter  upon  further  details  in  the  pnaeul 
state  of  the  subjert. 

Another  organ  acted  on  by  lead,  especially  in  prolonged  poisoiting, 
ia  the  Kidney,  which  is  often  found  to  present  a  typical  rtnl  p;ramikr 
nephritis.  During  life  the  urine  presents  the  ordinary  apjM^araDces  of 
this  disease,  being  copious  in  amount  and  of  low  sj)ecific  gravity,  aad 
containing  comparatively  small  quantities  of  albumin  or  caf^ts.  In 
some  cases  In  man,  the  kidney  has  presented  a  mLxtare  of  pareuckyum- 
tons  and  interstitial  disease,  while  in  animals  the  parenchyma  oionc  \i 
affect^nl,  perhaps  l>ecause  the  experiments  have  not  lasted  long  enough. 
The  disease  of  the  kidney  from  lead  poisoning,  as  from  other  sourues, 
may  cause  dropsy,  unemia  and  amblyopia,  but  it  is  to  be  noted  that 
the  brain  and  eye  may  be  affected  in  cases  in  which  there  is  uu 
nephritis. 

Gout  is  very  common  in  lead  poisoning,  which  evidently  predispoecfi 
to  tills  disease,  if  it  does  not  actually  cause  it,  for  CJarrod  staUs  tKatiu 
one-fourth  of  the  cases  of  gout  treatM  by  him  there  was  a  history  of 
lead  |HMsoning.  It  occurs  ouly  after  prolonged  exposure  to  the  mpLii, 
and  ditfors  from  ordinary  gout  in  the  rapidity  with  which  it  sprwd* 
from  one  joint  to  another,  as  well  as  in  some  other  features  (Luetlijo). 
Thus  gout  is  seen  without  nephritis  and  vice  verwij  the  two  affeotioBS 
being  quite  indepentlent  of  each  other.  The  uric  acid  of  the  urine  is 
not  increased,  while  that  of  the  blood  is  said  to  be  abnormally  higli- 
In  districts  where  ordinary  gout  is  rare,  lead  jwisiming  seldom  Ui<^ 
to  it,  but  where  ordinary  gout  is  met  with,  it  is  a  fairly  oommoo  com* 
plication  of  saturninisra. 

Another  condition  in  which  lead  poisoning  may  act  as  a  predisjxteing 
factor  is  Arteriosclerosis;  the  mrdnutrittuu,  amemia,  and  renal  cltau^ 
induced  by  the  metal  wouM  in  themselves  tend  to  induce  chaBge^  "D 
the  vessels  tlipjiighoiit  the  b4xK*j  and  dc^nenition  of  their  wall:^  i"  nirt 
with  in  u  considerable  proportion  of  cases  of  very  prolonged  exposure 
to  it. 

Lead  poisoning  runs  no  definite  course.  As  a  general  rule  thf 
auicmia,  wasting,  constipation  and  waikness  appear  early,  ami  tlifo 
oolie  may  follow,  or  paralysis,  or  arthralgia.  Nephritis,  eneepbrtK»in- 
thia,  anaesthesia  aud  gout  are  rarer,  aud  as  a  rule  only  occur  in  very 
prolonged  poisoning.  Any  one  of  these  symptoms  may  be  preficnt 
alone,  and  the  diagnosis  is  tlieu  very  difficult.  In  doubtful  cases  tLe 
urine  ought  to  l>e  examined  after  tlie  administration  of  icMlide,  ur  tlic 
stools  may  be  tested  for  lead.  Every  case  in  which  lead  is  found  io 
the  urine  is  not  neces3;irily  one  of  lejid  intoxication,  however,  for  it 
has  been  detected  in  a  number  of  perfectly  healthy  individuals. 

It  is  impossible  at  present  to  give  any  general  explanation  for  tlJt 

diversity  of  the  forms  of  chronic  lead  |»oi8*ining.     The  central  nervous 

'Stem  is  certainly  acted  on,  lx>th  in  its  higher  and   lower  divisiooiS 
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hot  it  is  still  rlispiiUxl  how  far  the  paralysis,  arthralgia  and  anrestbesia 
are  syinptoma  of  central  action,  and  how  far  thoy  are  due  to  periphond 
neuritis.  All  of  the  symptoms,  however,  ejccept  those  from  tho  luoutli, 
stomach  and  kidney,  and  the  anteniia  and  gout  seem  to  be  due  to  affec- 
tions  of  cither  the  ccutral  or  i>eriphenil  nervous  Hystem,  The  lead 
line,  metallic  taste  and  nausea,  and  ]>erhap3  the  constipation,  would 
seem  to  l>e  conneoted  with  tho  exrretion  of  the  metal  along  the  ali- 
meutary  canal,  while  the  rL-nal  actiou  is  probably  of  the  same  nature 
as  that  inducing  periarteritis  in  the  brain  and,  as  is  alleged,  in  the 
lungs  under  some  eonditiona.  The  ana?mia  indicates  an  action  on  the 
red  cells  of  the  blood,  and  the  gout  some  disturbance  of  the  general 
nntrition.  Attempts  have  been  made  to  ehicidate  the  nature  of  this 
action  oc  metabolism  by  (^timating  the  urea  and  other  constituents  of 
the  urine,  but  no  important  light  has  been  thrown  on  it  by  this  means, 
nor  in  iact  are  significant  results  to  be  hoped  for  in  a  disease  which 
offers  so  many  and  so  diverse  types  as  lead  poisoning. 

Lead  acts  ujx)n  so  many  tissues  that  it  might  be  expected  to  have 
Bome  distinctive  action  upon  the  simpler  organisms,  but,  as  a  matter  of 
&ct,  it  seems  less  ]>oisouou8  to  them  than  most  other  heavy  metalB. 

Preparations. 

Plxtmbi  Acktas  (U.  S.  P.,  B.  P.),  lead  acetate,  sugar  of  \eaA  (Pb(C,Hj,0,), 

,4-  SU.O),  fonus  colorless  crystals,  with  a  swcetiRh,  afltriugcnt,  atler^«'^^tls 

.ific  taste,  very  soluble  in  water,  less  so  in  alcohol.     0,05^.8  O.  (1-5 

VnffufTiium  Fbtmbi  Acetatis  (B.  P.),  4  per  cent, 

Suppositoria  riumbi  Cotnposita  (B.  P.)  ;  each  contains  S  grs.  of  lead  acetate 
and  1  gr.  nf  opium. 

PUula  riuuibi  cum  Opio  (B.  P.)  contains  al>out  12J  per  cent,  of  opimu. 
&-4gre. 

Liquor  Phtmbi  SubaceialUt  (U.  8.  P.),  lAqttor  Plumbi  Subacdatia  Foriin  (B.  P.), 
C;o\ilard*8  extract,  an  aqueous  solution  containing  about  25  per  cent,  of  lead 
8ubucet4ite  (approximately  Pb(C,Hj05),PbO).  Wiien  exposed  to  the  air,  the 
ioaolublc  lead  carbonate  is  foruit-d.  The  subacetate  solutions  are  alkuliac  in 
reaction. 

Liquor  riumbi  Sulmcfiiati*  IHluUi^  (U.  S,  P.,  B.  P.),  Icjwi  wnler,  Ctoulard'a 
lotiuu  or  water,  a  solution  containing  about  7.5  parts  (3  parts  B.  P.)  of  the 
Bubacetute  in  1,000  parts  of  water, 

Uiyccrinum  Plumbi  Subacetatu  (B.  P.). 

Utifftientum  Ghjcerini  Plumbi  tSufmceiatis  (B.  P.). 

Cfrahtm  Phtmbi  Acetatis  (V.  H.  P.),  Goulard^w  cerate. 

Phmbi  Carbrjna*{B.  P.),  white  lead  ((PbCO,),Pb(OH)J. 

lUufuentum  Plumbi  Carbonalis  (B.  P.). 

Plumbi  lodidum  (U.  8.  P.,  11.  P.)  (PblJ. 

EtnjilaMtrum  Plumbi  Tndidi  (B.  P.). 

(Jufjurfitum  Plumbi  loilidi  (B.  P.). 

Plumbi  Oxidum  (U.  S.  P.,  B,  P.),  litharge  (PbO). 

Plumbi  Mints  (IT.  S.  P.)  (PbCNO,),). 

I.,ea<l  plaster  or  diachylon  plimter,  Kmplaittrum  Plumhij  ia  formed  from  the 
oxido  but  is  mentioned  elsewhere.     (See  Part  VI.) 

H       Therapeutic  Uses.  — Tjcad  is  used  in  therapeutics  only  for  its  astrin- 
I  gent  action.     The  acetate  is  prescribed  internally  iu  diarrhoea,  gener- 
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ally  along  with  opium,  and  always  in  pill  form,  as  the  solntion  would 
act  on  the  stomach  and  have  less  effect  on  the  bowel.  It  has  I>een 
tried  in  dysentery  and  cholera,  but  has  proved  of  little  value.  Lead 
has  also  been  advised  in  cases  of  hsemorrhage  from  the  lungs,  kidneys 
and  uterus,  but  is  quite  valueless  here,  as  it  acts  as  a  styptic  only  when 
applied  locally.  Still  less  reason  is  there  for  its  use  in  nephritis,  cys- 
titis and  similar  conditions. 

Externally,  a  solution  of  the  acetate  or  the  dilute  solution  of  the 
subacetate  is  used  as  an  astringent  lotion  in  burns  and  as  an  injection 
in  gonorrhoea.  White  lead  has  been  advised  as  a  dusting  powder  in 
bums  and  skin  affections,  but  is  not  superior  in  any  way  to  ot^er 
similar  preparations,  and  is  liable  to  be  absorbed.  Nitrate  of  lead  has 
a  reputation  in  the  treatment  of  onychia. 

Lead  ought  not  to  be  employed  externally  or  internally  except  for 
a  short  time  as  otherwise  symptoms  of  poisoning  may  arise. 

Poisoning.  —  In  acute  lead  poisoning,  the  indications  are  its  removal 
from  the  stomach  by  washing,  and  its  precipitation,  which  may  he 
best  accomplished  by  solutions  of  the  sulphates  such  as  of  magnesium 
sulphate.  In  the  absence  of  the  sulphates,  white  of  egg  or  milk  is 
given  to  form  the  insoluble  albuminate. 

In  chronic  poisoning,  the  general  treatment  is  the  removal  of  tlie 
patient  from  the  danger  of  further  poisoning,  the  administration  of 
iodide  of  potassium,  and  nutritious,  strengthening  diet.  The  iodide  of 
potassium  has  been  said  to  accelerate  the  elimination  of  lead  by  the 
kidneys,  but  according  to  Lehmann's  experiments  is  not  superior  to 
the  bromide  or  the  chloride  of  potassium,  and  it  has  been  recently  denied 
that  it  has  any  effect  on  the  excretion  by  the  urine  or  by  the  intestine, 
by  which  most  of  the  lead  escapes  from  the  body.  In  practice,  how- 
ever, the  iodide  is  always  used.  Diuretics  may  be  prescribed,  and 
hot  baths ;  sulphur  baths  are  especially  recommended,  and  massage  is 
said  to  hasten  the  elimination  of  the  poison. 

In  colic,  morphine  or  opium  is  oR^n  necessary  to  allay  the  pain. 
Belladonna  or  atropine  is  used  less  frequently,  and  nitrite  of  amyl  is 
said  to  be  efficient  for  a  short  time.  In  the  intervals  between  the 
paroxysms,  a  saline  cathartic  is  often  necessary  to  relieve  the  constipa- 
tion, or  if  the  vomiting  prevents  this,  a  large  enema  may  be  thrown 
into  the  bowel. 

In  arthralgia,  the  pain  may  necessitate  the  giving  of  opiates.  In 
anjesthcsia  and  encephalopathia,  the  treatment  is  expectant  and  symp- 
tomatic ;  for  instance,  in  mania,  or  violent  delirium,  chloral  may  be 
necessary. 

In  paralysis,  strychnine  may  be  used  along  with  the  general  treat- 
ment, but  the  chief  reliance  is  to  be  placed  on  the  electrical  stimula- 
tion of  the  paralyzed  muscles,  first  with  the  galvanic  current,  and,  as 
recovery  sets  in,  with  the  induction  coil.  Massage  of  the  muscles  is 
also  of  benefit. 

Nephritis  and  gout  due  to  lead  poisoning  are  to  be  treated  in  the 
same  way  as  tb'  •  from  other  causes. 
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In  lead  works  and  paint  factories,  much  may  be  done  to  prevont  ]vnt\ 
poisoning.  Dust  in  to  be  avoided  as  much  an  possible,  and  where  this 
ia  oeoeasarily  present,  tlio  rooms  ought  to  Iw  thonnit^hly  ventilated. 
The  necessity  of  fre<pieut  Ijathing  and  of  thorough  washing  before 
meals  ought  to  be  impressed  on  the  workmen,  and  no  food  is  to  be 
admitte<]  to  the  works.  A  lemonade  made  with  sulpliuric  acid  is  often 
recommended  as  a  pmphylaotie  measure  with  the  object  of  ehanging 
the  le^id  to  the  ins4)liil>le  sulpliate  and  thus  renderiug  it  less  readily 
absorbc<l.  Poisoning  may,  however,  be  induce<l  by  lead  sulphate^ 
though  less  often  than  by  the  carbonate,  which  is  dissolved  by  water 
in  the  presence  of  free  carbonic  acld^  and  which  is  changed  to  the 
slightly  soluble  chloride  in  the  stomach. 

When  symptoms  of  ]>oisoning  have  appeared,  the  patient  onght  not 
to  l>e  allowed  to  work  again,  or  at  least  only  after  a  long  interval. 
Weak  and  aiitemic  men  ought  not  to  be  admitted  as  workmen,  and 
women  are  not  to  be  employed  in  lead  works  more  than  can  be 
avoided. 
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V.     COPPER. 

Copper  seldom  gives  rise  to  poisoning,  and  is  much  less  frequently 
uekmI  in  medicine  than  ninny  of  the  other  heavy  metals.  Tlie  soluble 
bults  precipitate  proteids  from  solution,  and  are  ihcrefure  astringent 
when  apjiHed  to  the  mucous  membranes  and  to  wounded  surfaces.  Id 
larger  {|uautitiea  they  are  somewhat  Irritant  aud  corrosive,  althoii};h 
much  less  so  than  mercury. 

Symptoms.  —  The  copper  saltfi  have  a  harsh,  metallic,  astringent 
taste,  an<l  when  swallowed  in  some  quautity  cause  imusen,  salivatii^ii 
and  vomiting.  The  most  of  the  salt  is  thus  removed,  and  no  furtJier 
symptoms  are  observed.  I^arge  quantities,  however,  induce  corrodoa 
of  the  walls  of  the  stomach  and  intestine,  and  give  rise  to  violejit  vom- 
iting and  purging,  the  copper  giving  a  blue  or  green  color  to  the  vuui- 
ited  matter  aud  tlie  stools,  and  blood  appearing  in  them  later  from  the 
corrosion  of  the  mucous  membrane.  Violent  paiu  in  the  ab<lomeQ  ia 
csomplained  of,  and  the  usual  symptoms  of  acute  corrosive  poisoning 
may  follow  —  collapse,  with  weak  pulse  and  respiration,  headncbe, 
giddiness,  tmconsciousncss,  delirium,  coma,  convulsions  and  parahm 
These  may  prove  fatal  in  a  few  hours,  but  more  fretjuently  the  palienl 
lives  fur  several  days  to  eventually  sink  from  exhaustion. 

The  nausea,  vomiting  and  purgiug  of  acute  copper  poisoning  ar©  due  toUa 
local  ettbct  on  the  mucous  membranes  of  the  stomach  aud  intestine-.  In  fact, 
although  some  clipper  is  absorbed  in  these  cases,  there  is  no  i-cason  to  sup- 
pose  that  any  of  the  acute  symptoms  arc  due  to  it,  for  they  ajo  all  induwl 
by  other  poisons  which  act  only  aa  gastro-int^stiuul  irritants. 

It  is  still  disputed  whether  chronic  copper  poisoning  occurs  in  man.  Tha 
quc,3tion  is  of  great  hygienic  inlereat,  because  copper  m  used  very  often  to 
give  cH)lor  to  preserved  vegetables,  snch  as  peas,  is  added  to  flour  to  improve 
the  bread,  aud  may  cuter  int«  the  food  from  the  use  of  copper  cooking  ves- 
sels, and  in  a  variety  of  other  ways.  In  copper  and  brass  workers,  gastro- 
intestinal cjitiirrh,  or  colic  an<I  diarrhc^a,  occur  occasionally  and  are  ascribed 
to  the  copper  swallowed  in  the  course  of  their  oceupation.  The  dust  iidiuled 
may  similarly  enusc  laryngeal  irritation  and  bronchitis.  The  skiu  and  hair 
liavo  often  a  greenish  tint,  and  a  grceu  line  on  the  teeth,  just  where  they 
enter  the  gums,  is  knowu  as  the  copper  line ;  but  it  is  believed  that  these  are 
duo  larg*^Iy  to  the  eopper  dust  deposited  on  the  skin,  hair  and  U?uth,  and  uot 
to  the  excretion  of  the  metal.  Locftl  paralysis,  anosmia,  tremor^  emaciatiuii 
and  cutaneous  eruptions  are  said  Ut  have  followed  thuiie  symptoms  in  some 
cases,  and  have  been  held  to  iii(li<'.ate  tliat  copper  is  poisonous  after  al)St>rp- 
tiou,  but  it  may  fairly  he  doubted  whether  these  sjTnptoms  are  really  due  to 
the  copper  or  to  the  lead,  arsenic  and  other  poisons  often  associated  with  it. 
It  is  certain  that  only  a  very  small  proportion  of  workers  suffer  from  any 
symptoms  whatever,  and  that  the  great  majority  enjoy  excellent  health. 
Furthermore,  copper  has  been  taken  in  the  form  of  the  metal,  or  of  its  soluble 
sttlt.s  for  ])roloTiged  periods  without  any  symptoms  being  elicited  except  those 
of  slight  intestinal  aitarrh  aud  some  nausea.  Animals  have  lM?en  fetl  with 
food  coataiaiiig  largo  doses  of  copper  for  many  months,  apparently  without 
any  sympti>ms  of  ]»oisoning,  and  eojuwr  is  fount]  so  regularly  in  the  tissues 
of  man  and  animals  that  it  may  be  regarded  na  a  normal  constituent-,  although 
its  function  is  altogether  unknown  and  It  may  be  merely  stored  up  on  its  way 
to  excretion.  Of  course  it  is  possible  that  there  exists  in  certain  pers*»ns  on 
Idiosyncrasy  for  copper,  an<I  that  tlies*^  siifl'er  from  the  ingestion  of  <iaantittcs 
wh'  iliarniless  in  others.     Hut  until  the  symptoms  Imve  Iwen  more  def- 
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(initf  ly  tletcrmiued,  and  have  bc^n  shown  not  to  ariflc  from  the  other  poUons 
■MOciato*]  with  coppor,  it  is  im^wsHiblc  to  consider  IbiH  form  of  intoxiealion 
llsatUfactorily  e^UiMished,  and  there  is  no  reason  to  8uppo»o  that  ]K)i9oning 
tan  bo  intliu-«!<l  by  riniall  (piantitieM  of  cop(>or  Ktich  as  art!  contained  in  pre- 
Mrved  Vi.'j?ti tables  or  in  fcxKl  cooked  in  copper  vcw8cls. 
In  animal.4  the  gt'iicml  action  may  Ikj  clicitc<l  by  the  injection  of  copper 
into  the  blood  or  Bubcutaneously.     The  ordinary  traits  are  inadniisBible  by 

I  the  former  method,  as  they  precipitate  the  protcida  of  the  blood  and  cause 
embolism,  and  douI)le  salts,  such  as  the  tartrate  of  copper  and  8o<1inm,  or 
protf'id  compounds,  such  ua  the  albuminate  dissolved  by  means  of  alkalies, 
have  therefore  been  used.  A  special  form  of  i»roteid  combination  has  been 
formeil  in  the  same  way  a^  artificial  fcrratin,  and  is  found  to  act  mortt  slowly 
than  onlinary  salts.  In  the  frog,  cojiper  induces  great  weakness  and  event- 
ually complete  paralysis  of  the  spontaneous  movements  and  of  the  heart. 
Hamack  attributed  this  to  direct  actiou  on  the  muscle,  but  later  observers 
have  found  that  the  cenlml  nervous  system  is  primarily  artcctcd,  and  that  the 
mubdes  retain  their  irritalnlily  after  complete  paralysis  of  the  spinal  cord. 
There  i»,  however,  a  direct  action  on  the  muscles  also,  for  they  lose  their 
irritability  very  soon  after  death,  aad  even  before  the  spontaneous  move- 
nient«i  have  eeased,  the  contraction  of  the  muscles  on  dii'cct  stimulation  being 
much  weaker  than  usual.  Very  often  tibrillary  contractions  are  obser\'ed 
early  in  the  frog,  hut  it  is  unknown  whether  these  are  of  central  or  of  j>eri- 
pheral  origin.     The  heart  is  somewhat  accelerated  at   first  by  very  i?.nmll 

I  quantities,  but  later  becomes  slow  and  weak,  and  finally  cea.ses  in  diastole 
before  the  skeletal  mnsclcM  are  para1y/.ed  ;  the  changes  in  the  heart  are  due 
to  dii-ect  action  on  the  muscle. 
In  mamnmis  the  intravenous  injection  of  copf)cr  does  not  c*ause  vomiting, 
ocrnrding  to  most  authors,  thus  proving  that  the  emetic  action  is  due  to  the 
irritation  of  the  stomach,  and  not  to  any  action  on  the  medulla.     When 

■  large  qiuiutities  are  injected,  the  locomc»tion  soon  becomes  slow,  clumsy  and 
weak,  and  later,  complete  paralysis  of  the  spontaneous  movements  follows. 
The  heart  and  respiration  seem  equally  involved,  but  the  respiration  ceases 
somewhat  earlier  than  the  heart.  The  blood-pressure  rises  slightly  after  the 
intravenous  injection  of  copper,  but  after^vanis  fiills,  partly  on  account  of 
the  weakness  of  the  heart,  and  partly  from  failure  of  the  vasomotor  nerves 
to  maintain  the  contraction  of  the  blood  vessels.  When  an  animal  survives 
longer,  violent,  sometimes  bloody,  diarrba^a  is  generally  induced  by  copjier, 
as  by  most  of  the  other  heavy  metals.  The  animals  lose  ilesh  rapidly,  and 
refuse  focMl,  and  the  urine  often  contains  albumin,  and  according  to  some 
authors,  bicmoglobin  and  bloo<l.  In  the  rabbit  some  icterus  and  nua'mia  is 
said  to  occur  from  the  destruction  of  the  red  blood  cells,  and  fatty  degen- 
eration of  the  liver,  kidney,  and  heart  have  been  ol>served.  Others  have 
found  eccbymosc*s  and  congestion  along  the  intestine  and  in  the  kidney  to 
Ik!  the  chief  lesions.  8iniilar  results  are  obtained  in  rabbits  when  copper  is 
given  by  the  mouth,  as  this  animal  is  incapable  of  rejecting  the  poii^on  by 
vrimiting.  In  the  dog,  on  the  other  hand,  poisonous  doses  seem  to  be  re- 
moved by  vomiting  when  they  are  given  by  the  mouth  ;  it  is  possible,  how* 
ever,  that  animals  may  show  symptoms  of  poisoning  from  the  prolonged  ad- 
ministration by  the  mouth  of  quantities  just  too  small  to  cause  vomitiug. 

Copper  iH  certainly  nbeorbcc!  from  the  stoninch  and  intestine,  for 
large  quantities  have  been  found  in  animals  fcfl  on  it  for  some  time. 
Baum  nod  Soeligtjr  state  that  a  very  large  proportion  of  tlie  poison  is 
absorl>tid  when  small  doses  are  given,  but  the  proi>orlion  lessens  ns  the 
dose  is  incrciisci^l.  It  also  passes  itito  the  bl(M>d  from  other  miuHuis 
RuHjK-e^  and  from  wctunds.  It  is  said  to  have  a  stnuig  uftitiity  for 
lijenioirlnbin,  and  to  form  with  it  a  compound  whioli  Koliert  has  named 


i^ 


692 


THE  BEAVT  METALS. 


ruprohffimol,  and  which  is  RtAted  to  be  formed  very  rapidJy  w\m 
copper  is  injected  into  the  blood,  the  mota]  lonving  the  serutu  nod 
attaching  itself  to  the  eoquiscles  at  ont»e.  The  copper  abeorbecl  fmra 
the  intestine  and  stomach  is  lodged  chiefly  in  the  liver,  leas  iu  tbe 
spleen,  kidney  and  tbjToid.  It  is  excretecl  in  the  bile,  urine  and  sa- 
liva, in  tlie  intestinal  secretions,  and  in  traces  in  the  milk,  and  uaii] 
to  ]>ass  from  the  mother  to  the  fcetus  in  utcro.  Copper  i^  fouail  iii 
pmnll  quantities  in  these  organs  and  secretions  in  man  and  in  animals 
that  have  not  Iw^en  treated  with  it,  bnt  in  much  larger  amount  after 
prolonged  admiuistralion.  Taken  by  the  mouth,  it  fails  to  cause  gen- 
eral poisoning,  because  it  is  slowly  absorbed,  and  also  because  wkt  is 
absorbed  is  withdrawn  from  the  blood  by  the  liver. 

Copper  is  found  as  a  normal  constituent  of  the  blood  in  many  of  the  'in* 
vertebrates,  iu  which  it  performs  the  same  function  as  the  iron  of  tlio  hcmo- 
glubin  in  the  vertebrates.     It  has  l>eeD  detected  in  one  of  the  pigmi-nu  of 
birds'  feathers,  and,  as  hn«  been  stated,  is  so  frequently  found  in  ibe  tismes 
of  mammulH,  both  wild  aud  dome-sticuled,  tliat  it  may  be  regarded  as  a  »<)r- 
mal  constituent.     Oysters  and  other  animals  take  it  up  in  large  quunliUf^ 
when  they  live  in  water  rich  in  copper,  and  apparently  are  not  iiyure«l  by  il- 
Many  of  llio  hi);her  plants,  notably  the  grape  vine,  are  said  to  be  remAfl:- 
ably  improved  by  the  sprinkling  of  copper  on  their  leaves,  and  this  \s  uoi 
only  from  the  destrurtion  of  parasites,  for  vines  free  from  any  diseast^ciicv 
a  more  luxuriant  foliage,  and  bear  more  and  larger  fruit  than  other  healthy 
plants,  which  are  not  treated  with  it.     On  the  other  hand,  copper  is  a  dwuUy 
poison  to  several  of  the  lower  plants.     Thus  traces  of  copper  adde<l  to  U" 
water  in  which  they  live,  destroy  some  of  the  simpler  algie,  and  Nwf*!' 
asserts  that  one  part  of  copper  hi  one  thousand  million  parts  of  water  ia 
sufficient  to  kill  these  plants.     The  juirasites  of  the  grape  vine,  potato,  ftppl'i 
and  other  plants  are  destroyed  by  sprayiuK  the  plants  with  copptf,  tod 
yeast  ceases  Rowing  in  a  0.02  per  cent,  solution,  while  penicillium  aeenuto 
bo  almost  imtniiue  to  its  action.     Locke  found  that  the  traces  of  copp«f 
coutuincil    in   water  distilled  in   copper   vessels   was  sutlieient  to  dts-trof 
tubifcx  (one  of  the  annelid  worms)  and  tadpoles,  while  Bucholtz  states  tbtt 
the  development  of  bacteria  is  stopped  by  a  solution   of  copj^r  snlpUK 
under  one  per  cent,  in  strength.     Copper  thus  seems  to  have  a  very  power 
ful  poisonous  action  on  certain  living;  forms  and  to  be  harmless  to  otben, 
and  the  subject  deserves  further  investlKiitiou.     It  is  possible  that  it  may 
prove  t.o  art  prejudicially  to  some  human  parasites,  and  it  ia  certiiinly  !«• 
dangerous  to  man  than  many  other  remedies  used  as  parasiticidos  aud  dlfiju- 
fectauts. 

Preparations. 

Oupri  Sulphas  (TJ.  S.  P.,  B.  P.)  (CuSO, -f- 5H,0),  large,  transparent,  deep 
blue  crystals,  without  odor,  but  with  a  nauseous,  metallic  taste,  soluble  ia 
water,  scarcely  so  iu  alcohol.  Dose,  as  an  astringent,  0.015-0.1  G.  (|-2  gra.); 
as  an  emetic,  0.3-0.  (>  G.  (5-10  grs.). 

Therapeutic  Uses.  —  Copper  sulphate  is  used  internally  only  as  an 
emetic,  and  for  tliis  purpose  ouglit  to  be  given  in  about  one  per  cent. 
solution.  It  acts  promptly,  and  does  not  leave  so  much  depression 
and  nauseu  as  other  metallic  emetics,  and  for  this  reason  is  un.suitablr 
as  an  expectorant.  In  phosphorus  iwisoning  it  is  especially  valua- 
ble, as  in  addition  to  causing  evacuation  of  the  stomach,  the  metal  is 
dejioHitcd  iiu  ihf  particles  of  phoaphorua  and  prevents  their  absorption. 

Extonially  copper  siiljiliatc   is  used  as  au  astringent  injection  in 


'hcpa,  and  oct^asioually  as  a  lotion  iu  ulcers  and  woiindh;  for  this 
parpust*  it  is  employed  in  one  per  cent,  solution.  Tiic  solid  cn'stnls 
are  .sonwtinies  used  to  tuucli  exuberant  gnmulations  for  their  astrin- 
gent and  corrosive  effect. 

Small  quantities  of  copper  sulphate  have  recently  been  used  to  destroy 
Abe  algiu  which  grow  in  re.«ervoirH  and  often  give  tlie  water  a  disagree- 
able cnlor  and  taste.  The  propivrtirtn  of  copper  required  for  this  pur- 
pose is  about  one  jwirt  in  a  million  or  sometimen  in  filty  millions ; 
this  treatment  does  not  reiuler  the  wat<.'r  delettirious  to  man,  for  muob 
larger  quantities  of  copper  have  been  taken  constantly  without  injury. 
ffhe  suggestion  has  also  been  made  to  disinfect  water  con  tarn  imi  ted 
Pnth  typhoid  biu;illi,  and  s^ime  suwtess  has  l>een  reconle^I ;  the  propor- 
tion of  copper  retpiired  for  this  purpose  appears  to  be  greater  tlian  tliat 
necessary  to  destroy  the  less  resistant  algae. 

kTho  chloride  of  copper  U  n  much  more  irritant  and  antiseptic  subetjinc© 
an  the  sulphate.  The  albiiiiiiniite  of  copper,  cupratin,  which  is  formed 
im  the  albuminate  by  bcaliiiK  with  alkalies,  and  cuprohiemol,  a  combina- 
tion of  copper  and  hjemoglobin,  have  bo«n  sug^psted  recently  as  non-irritant 
preparations  suitable  for  internal  use,  but  no  coiiditioa  is  known  at  present 
in  which  the  genei*al  uctiuii  of  copper  is  of  bcnciH. 

In  coses  of  Poisoning  with  copper  salts,  the  stomach  generally  rejects  the 
metal  by  vomiting,  and  no  emetic  is  required.  Non'eorrosive  compounds 
may  \*e  formed  by  giWng  milk,  egg,  or  otlier  forms  of  albumin,  tannic  acid, 
magnesia,  or  ferrocyonide  of  potassium.     Morphine  may  be  required  for  the 
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VI.    2IN0. 

The  effects  of  zinc  resemble  those  of  copper  so  closely  that  they  need 
only  brief  mention.  Like  copper,  the  hoIuIiIc  salli*  form  insoluble  albu- 
minates and  therefore  [K>saes8  an  astringent  action,  or  in  large  cjuuntitics 
act  as  irritantH  and  corrosives.  Tlio  sulphate  Is  the  soluble  salt  most 
imonly  ubchI  in  medicine,  but  the  chloride  has  frequently  given  rise 
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id  corrosive  poisouing,  and  is  therefore  of  greater  importinoe  tlxan 
the  chloride  of  copper.  The  sulphate  is  nrnch  less  irritant  and  more 
astringent  than  the  chloride,  which  is  used  only  as  a  caustic  mid  dis- 
iuft'Otant. 

Symptoma.  —  Ttie  sulj>hate  of  zinc  has  a  harsh,  metallic  tiiste,  and  in 
small  doses  caust^s  nausea  and  vomiting,  in  larger  quantities  violent 
vomiting  and  purging,  pain  in  the  abdomen  and  collapse;  Uiese 
symptoms  are  due  to  the  local  action  on  the  stomach  and  intestine. 
The  ius*:)lul)le  zinc  oxide  and  carbonate  arc  less  liable  to  cause  acute 
irritation  than  the  sulphate,  but  tlieir  prolonged  ingentiou  has  given 
rifto  to  dyspepsia  and  constipation  or  diarrhoea  in  some  cases.  The 
continued  administration  of  zinc  salts  has  no  effects  in  man,  except 
those  of  disordered  digestion  and  constipation,  and  Lehmann  could 
detect  no  cHects  in  the  dog,  after  the  administration  of  lo5  G.  of  the 
carbonate  in  the  course  of  *^35  days,  although  a  considerable  amount 
of  the  metal  had  been  alisorlnnl. 

In  workers  in  zinc,  a  curious  condition  known  as  brassfounders' 
ague,  is  occjisionally  met  with.  It  is  nshere*!  in  by  a  sense  of  general 
discomfort  and  weakness,  witJi  more  or  less  pain  in  different  parts  of 
the  body ;  later  prolongetl  rigors  and  shivering  are  followed  by  a  rapid 
acceleration  of  the  pulse,  coughing  and  soreness  of  the  cliest,  and  head- 
ache. These  symptoms  give  place  to  profuse  perspiration,  and  the 
patient  sinks  into  a  sleep  from  which  he  awakes  in  onliiiary  health. 
The  attacks  may  return  frequently,  and  tumn  to  be  due  to  the  fumes 
of  zinc  which  escape  in  the  process  of  casting.  A  number  of  obscure 
nervous  conditions  have  also  been  described  as  arising  from  zinc  in 
workmen  in  brass  factories  and  bronze  works,  but  tliey  seem  to  l)e  ex- 
tremely rare,  and  it  is  questionable  whether  they  are  really  due  to  the 
zinc  or  to  its  impurities,  such  as  arsenic  and  lead. 

Action. — The  general  action  of  zinc  can  therefore  be  observed  only  when 
it  is  injected  intravenously,  or  hyportorraically.  For  this  purpose,  the 
double  sjilts  aloue  can  be  used,  as  the  ordinary  sjilta  precipitate  the  proieid^ 
of  the  blou*!  whcu  iujeotcd  into  a  vein,  aud  causes  acute  irritation  when  ap- 
plied subcutaneously.  In  the  I'rog,  zinc  is  fouud  to  caasc  wcakue«3  aud 
h*sseue<l  retiex  excitability,  and  the  heart  becomes  weak  and  iueflictciit,  ir- 
regular and  slow,  au<i  eventually  ceiwes  in  diastole.  The  action  soeins  to  be 
exercised  chietly  on  the  central  nci-vous  system  and  the  heart,  although  the 
voluntary  muscles  rcsjiand  more  weakly  to  the  uk-ctric  curreut  iu  life,  and 
lose  their  irritability  entirely  soon  after  death.  Meihuizen  inferred  from  his 
experimetUs  that  the  zinc  salts  reduce  tlie  reflex  irritiibility  markedly  in 
the  frog,  but  he  used  an  irritant  salt  and  this  invalidates  his  rebuild. 

In  mammals  the  iutniveuous  injfctiou  of  xinc  causes  vomiting  and  diar- 
rhuea,  weakuej^,  tremor^  aud  imnUysis  of  the  extremities ;  and  the  stomach, 
int<!8tino  and  lieai-t  contain  small  hjcmorrhages.  The  blood-pressure  seema 
to  i»e  but  Itltle  alTectcfl,  nntil  just  before  dejxth,  but  the  pulse  is  slowed. 
Hi.Ojiu[i  I'ouad  Unit  the  subcutaucoua  injection  of  ziuc  salts  induced  conge*- 
tioii  and  pjirenchymutous  intlammatioa  of  the  kidney. 

Zinn  seems  therefore  to  depress  the  central  nervous  system,  and  to  a  less 
extent  the  Iie^irt  ami  voluntary  muscles,  and  to  cjiuse  irritation  and  oongee- 
tion  of  the  mucous  mcuiiiraue  of  the  stomuch  and  ititesUne^  and  inflamnufc- 
tiou  of  the  kidney.  The  fact  that  voiuitini?  occurs  from  the  intravenoiis  in- 
jection of  /inc  suits  might  seem  to  indicate  that  it  acts  directly   on  the 


medullnry  centre  for  vomiting,  hut  may  more  |ir<>bat)ly  Im'  ox{>l:iiiK>il  l»y  the 
metal  iiniacinj?  inflamnmtton  in  the  stomBch.  Thcso  cllecls  occur,  how- 
ever, only  when  the  metul  is  administered  hy  way  of  tho  blood  vessels  or 
suhciitaueously. 

Zinc  has,  according  to  Orahe  aud  Kobert,  a  special  affinity  for  the  haemo- 
glubiUj  with  wliich  it  formij  a  compuuud  (isiiic-hteinol),  but  ita  administration 
tiiis  no  ctTect  ou  the  formation  of  b:emoj;lubin. 

I^bmanu  foun<l  that  of  the  zinc  tti)sorl)ed  from  the  Bloraach  and  int*,'.stine, 
motst  ia  contained  in  tlie  liver  and  i»ilc,  Icsa  in  the  si»Ieen,  kidney,  thyx-oid  and 
pancreas,  and  very  Utile  in  the  oUut  tissucH.  Zinc  is  oxen^ted  by  thoj^tiim- 
acli  &ud  intestinal  walls,  and  in  nuicb  tiinalleriunuunt^  in  the  bile  and  ut-ino. 

Locke  found  zinc  to  possess  a  ]H>iRon(nis  aetion  on  the  tadjmle  and  iubifcx 
■when  present  in  tniee-s  in  the  water  in  whieh  they  livefi,  but  this  etFect  was 
weaker  than  that  of  copper.  Richter  slates  that  zinc  is  less  poisonous  to 
fuDgi  than  copper,  and  very  weak  solutions  j^eem  to  promote  tbeir  growth. 
The  sdac  aalta  ac<»m  to  be  in  genera!  much  weaker  than  those  of  copper,  which 
they  resemble  closely  in  other  rcBpect^. 

^^^  Preparations, 

ZinewH  (U.  8,  P.),  metallic  zinc,  is  used  only  to  form  the  other  prepara- 
tions and  as  a  reagent. 

Zi>ci  tiuu'UAH  (U.  H.  P.,  B.  P.)  (ZnSO^ -t-  7H,0),  colorless,  transparent, 
odorless  cryrttals,  with  a  harsh,  astringent,  metallic  taste,  soluble  in  water, 
not  in  alcohol.  0.5-2  G.  ^8-30  grs.),  as  emetic;  0.05-0.2  G.  (1-3  grs.),  in 
epilepsy. 

Zinci  Oxidum  (U.  8.  P.,  B.  P.)  (ZnO),  an  amorphous  white  powder  with- 
out odor  or  Uwte,  insoluble  in  water.     0.1-0.5  G.  (2-8  grs.). 

Zinci  Cnrbotuu  ['rsBcipUaltis  (U.  S.  P.),  Zinci  Qtrbonas  (B.  P.),  aprejutra 
tion  varying  somewhat  in  composition,  but  always  containing  some  uxide, 
which  it  resembles  in  appearance  and  siolubility.     0.1-i>.!>  (J.  (2-8  grs.). 

Ungukntu-m  Zinci  Oxidi  (U.  S.  P.),  I  part  to  4  of  benzoinated  lai-d. 

■Unouf.>titm  ZtNCi  (B.  p.),  15  per  cent,  of  the  oxide, 

Zinf^i  SftitroA  (U.  S.  P. ). 

Vnijucntum  Zinci  >Stcaratit  (U.  S,  P.),  60  per  cent. 

Vngutnfum  Zinci  OteatiA  (B.  P.). 

Zinci  aUondiim  (U.  S.  P..  B.  P.)  (ZnCI^^  a  white  powder,  or  porcelain-Hke 
mass,  irregular,  or  moulded  into  pencils,  odorless  and  strongly  caustic,  very 
deliqucjicent,  and  soluble  in  water  and  alcohol. 

Lii/uor  Zinci  Ckloridi  (IT.  S.  P.,  B.  P.),  about  36  per  cent. 

Zinci  Ai^.elw^{V.  S.  P.,  B.  P.)  (Zn(C,H,0,),  +  2H,0).    0.05-0.1  G.  (1-2  grs.), 

I^nci  ValeniA  (U.  S.  P..  B.  P.)  an{{2fiA\    -\.  2H,0).     O.Ofr-0.1  G. 
Ztnci  liroinidum  (U.  S.  P.)  (ZnBr,).      O.O.VO.l  G. 
Zinci  Iwiidmn  (U.  8.  P.)  (Znl,).     0.05-0.1  G. 

Zinci  Sttlphocarbofa*  {\\.  P.),  Zinci  P/tcno/tw/jtfionas  (U.  8.  P.)  (Zn(C  H  8()  ) 
4-«H,0),  colorlcjw  ory^tjds  with  an  aslrinj^'ent  taste,  wiluhle  in  water  aiid  m 
alcohol.      UmhI  extemuJty  in  1  [wr  cent,  sohition.      (See  page  422.) 

Therapeutic  Uses,  — Ziuc  sulphato  has  been  uswl  internally  08  an 
emetic,  l>ut  not  so  widely  as  the  sulphate  of  copier,  althonjrb  it  is 
6qimUy  efficient  The  sulpliate,  the  oxide  and  tho  carijonalc  have  lH*en 
advised  in  the  trejitnicnt  of  various  brain  disea.ses,  such  as  epiicpsy, 
chorea  aud  hysteria,  in  which  zinc  in  In-lipvcd  to  act  as  a  sedative! 
Exiwriments  on  animals  and  nn  btallliy  ikthoiis  give  no  reason  to  be^ 
Jieve  in  this  sedative  action,  ami  (rJinicians  are  divided  a.s  (n  it.s  usefiil- 
neaa  in  these  disestses,  hut  there  is  some  nupport  for  the  tiviitmeiit.  Tlie 
oxide  aud  Ktilphate  are  .seldom  <'ni|>loyed  as  astringents  in  diarrhrea. 

Externally,  the  zinc  preparatious,  with  the  exception  of  the  chloride, 
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are  used  as  astringents,  the  sulphate  being  applied  in  solution,  the 
oxide  and  carbonate  as  powders  or  as  ointments,  which  most  prefer  to 
the  oleate.  The  oxide  is  especially  useful  as  an  application  in  many  skin 
diseases.  Solutions  of  the  sulphate  are  used  as  an  eye  wash  (^  per  cent.) 
and  as  an  injection  in  gonorrhoea  (1—4  per  cent.).  In  the  last  case  it  is 
sometimes  formed  into  a  mixture  with  acetate  of  lead,  the  sulphate  of 
lead  which  results  being  credited  with  some  astringent  action  and  not 
being  washed  off  so  readily  from  the  diseased  surface.  The  sulpho-car- 
bolate  is  also  used  as"  a  urethral  injection,  and  the  salicylate  and  the 
sulpho-iodolate  of  zinc  have  also  been  introduced  as  astringent  and  anti- 
septic applications. 

The  chloride  of  zinc  differs  from  the  other  salts  in  being  a  i)owerftil  caus- 
tic, and  is  used  as  a  paste  or  in  pencil  form  to  destroy  malignant  growths,  or 
in  chancres  and  gangrenous  sores.  It  produces  a  white  eschar  and  is  said  to 
be  Icsa  liable  to  spread  over  the  surface  than  potash,  but  penetrates  the  epi- 
dermis with  difficulty,  and  it  is  therefore  advisable  to  destroy  this  with  pot- 
ash or  a  blister  before  applying  the  caustic.  It  is  sometimes  mixed  with 
flour  or  dried  gypsum  and  water  to  a  paste  (Oanquoin's  paste),  when  a  less 
active  caustic  is  desired.  Its  use  is  much  more  restricted  at  the  present 
time  than  formerly,  when  there  was  greater  apprehension  of  the  minor  surgi- 
cal operations,  but  it  has  been  recommended  as  a  caustic  and  disinfectant 
application  in  inoperable  cancer.  In  very  dilute  solution  it  has  been  applied 
as  a  disinfectant  lotion  or  injection  (1  in  6,000).  Burnett's  disinfecting  solu- 
tion (a  somewhat  stronger  solution  than  the  official  liquor)  is  used  to  disin- 
fect f:eces  and  urinals,  and  the  liquor  of  the  pharmacopoeia  may  be  employed 
for  the  same  purpose.  It  has  frequently  given  rise  to  severe  corrosive 
poisoning  from  being  swallowed  accidentally  or  suicidally. 

The  acetate  of  zino  acts  in  the  same  way  as  the  sulphate  and  may  be  used 
for  the  same  purpose.  The  valerianate  and  bromide  have  been  introduced 
with  the  intention  of  combining  the  action  of  zinc  with  that  of  valerian  or 
bromide  in  hysteria  and  epilepsy,  but  valerianic  acid  is  entirely  devoid  of 
any  action  on  the  brain  (see  Valerian,  page  74)  and  the  bromide  is  given  in 
too  small  doses  to  exert  any  influence.  The  iodide  is  used  in  a  similar  at- 
tempt to  combine  the  astringent  effects  of  zinc  and  the  si>ecifio  action  of 
iodides,  but  is  open  to  the  same  objection.  The  action  of  the  phosphide  is 
practically  identical  with  that  of  phosphorus.  Poisoning  with  zinc  is  treated 
in  the  same  way  as  that  with  copper. 
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Vn.     SILVEB. 

The  only  salt  of  silver  used  at  all  extensively  in  medicine  is  the 
nitrate,  which  is  caustic,  astringent  and  antiseptic.  Added  to  solutions 
of  proteids,  it  forms  a  heavy  precipitate  of  albuminate,  which  is  at 
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lir^t  whiU'  in  color  but  turns  darker  in  the  lifj^hi  as  the  hilver  is  re- 
iltu-rd,  aud  whicb  b  soluble  in  the  jircscnce  of  cliloridwi. 

Symptoms.  —  In  dilute  s4)lution  silver  is  a  slight  irritant  to  tho  skin, 
and  uau^s  redness  and  itching  only,  but  more  coneentratetl  solutions 
blister,  and  the  solid  nitrate  of  silver  caiifies  an  eschar,  wliieh  is  at  first 
white,  but  later  turns  black  from  the  reduction  of  the  silver  in  light. 
On  the  mucous  raembrnne,  dilate  solutions  act  as  astriugents,  but  con- 
eentratetl euuHc  irritation  and  corrosion.  The  caustic  action  of  silver 
does  not  extend  so  deeply  us  that  of  ewune  other  metals,  sueh  as  mer- 
cury, becjiuse  the  penetration  of  the  metal  is  limited  by  tlie  membrane 
of  silver  albuminate  formed.  On  the  other  hand,  the  silver  salts  are 
more  irritant  than  those  of  lead 

Dilute  solutions  of  silver  nitrate  are  said  to  contract  the  vessels 
when  they  are  applied  locally,  and  this  may  be  curre<;t  under  some 
circumstances,  but  if  irritation  is  iDduoe<l,  the  veseels  are  certainly 
dilated.  Tlie  astringent  action  is  U}  be  attributed  not  to  any  action  on 
the  vessels,  but  to  tlie  formation  of  a  protective  layer  of  coagulated 
albumin. 

Ill  acute  silver  piiisoning  from  the  ingestion  of  silver  nitrate,  the 
symptoms  are  those  of  severe  gastro-intestiual  irritation  and  corrosion, 
liurning  pain  is  felt  in  the  throat  and  stoniaeh,  and  is  followed  by 
nausea  and  vomiting  and  often  by  purging.  The  mouth  is  covered 
with  a  gmyish-white  membrane,  which  turns  darker  atVer  a  time,  but 
this  is  absent  if  the  jwison  be  swaIIowe<l  in  the  solid  form,  as  has  hnp- 
pened  fH)mctimes.  The  coiTonion  of  the  stomach  and  int(>stine  causes 
ooiUipAe,  with  weak  pulse,  shtiDow  respiration  and  pinched  features,  and 
thifl  may  be  followed  by  eonia,  convulsions  and  death.  The  thnmt, 
stomach  and  intestine  preseute<l  the  ordinary  apj>earances  of  acute  cor- 
rosive poisoning  in  one  case  in  which  an  autopsy  was  performed. 

Action.  —  Tho  sjrmptoms  of  acute  poisoning  are  due  to  the  local  action, 
anil  present  no  features  suggesting  that  ailvt^r  is  al>Borbed  and  cau»*8  gencnil 
pobH>ning.  The  action  of  silver  after  aheoqition  has,  however,  K'oii  invi'?*ti* 
gated  in  uuinials  poisoned  by  subcutaneous  or  iutruvenous  injection.  The 
Ditrat4?-,  owing  to  its  conflating  urojH.'rtiei',  is  unsuitable  for  tliis  |>urif08«, 
and  the  h>'po8nl])hit<'  of  sodium  and  silver,  or  a  8olntion  of  the  albuminate 
has  therefore  l)ccn  Ui^d.  In  niammals  the  centml  nervous  system  is  ihe 
chief  scat  of  action,  especially  the  uiedullu  obloupktfv,  which  seems  to  Ite 
stimulated  at  first,  for  the  blood-pressnre  rises  and  tlie  pulse  is  somewhat 
slow,  owing  to  increased  activity  of  the  vaso-niotor  and  vagus  rentn'S. 
l^ter  the  blood -pressure  falls,  and  the  rr-sinration  U'conies  slow  and  hilnjn'd, 
ami  eventually  ceaArts  from  ]MLraIysls  of  the  centre,  (raethgrns  uft^'ris  that 
tho  diaphrugiii,  and  eventually  the  other  stHateil  niusilcs  oi-e  paralyzed  soon 
afterwards.  The  heart  is  comparutivcly  llttlu  aUected,  and  oil eu  continues 
to  bvttt  soino  time  after  the  respinitiitn  has  stopped.  In  leas  acute  [wisou- 
injr,  when  the  animal  8nrvive?i  the  injection  for  several  liours  or  days,  a 
miirke<l  increase  in  the  bnniehial  secretion,  culminating  in  a*dema  of  the 
lungs,  has  been  noted  :  no  suti9fact<»ry  exphuiation  of  this  has  been  advanced, 
tiul  it  does  not  seem  due  to  cardiac  inefllciciicy  and  occurs  also  when  the 
excised  lung  is  pcrfVistMl  with  blood  coutAining  silver.  Congestion  and 
rcchymusee  are  found  in  tho  stomach  and  intestine,  and  some  authors  men- 
tion  ulceration  of  these  mucous  membranes.     Cohnstein   found  that  small 
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quantities  of  silver  salts   injected   intravenously  cause  sot^^k^ 
urine  for  a  time,  but  that  larger  quantities  are  followed  b!"^^^— ' 

In  cold-blooded  animals  and  in  invertebrates,  silver  pi  ^r" 
to  cause  violent  convulsions,  resembling  those  of  8trychni»r»  < 
general  paralysis.  The  heart  is,  according  to  one  investig^^E^ 
according  to  another,  it  is  found  in  diastole. 

The  general  action  of  silver  is  thus  apparently  directed  S^ 
the  medulla  oblongata,  the  rest  of  the  central  nervous  syst<^^ 
to  a  l^s  extent.  The  mucous  membrane  of  the  stomach  ^ 
acted  on,  as  by  most  heavy  metals,  and  the  kidney  is  also  Ua-^ 
(Edema  of  the  lungs  occurs  frequently. 

Chronic  Poisoning. — ^There  is  no  evidence  that  in  acute 
man  any  considerable  amount  of  the  metal  is  absorbed  froff^ 
and  intestine.  When  silver  is  given  for  prolonged  periods,  hO 
is  absorbed,  although  probably  only  a  minute  fraction  of  t* 
swallowed.  In  the  stomach  small  quantities  of  soluble  sih 
probably  changed  to  the  chloride  and  albuminate,  but  t 
which  the  metal  is  absorbed  has  proved  a  subject  of  dispute, 
to  be  taken  up  in  solution,  for  none  of  it  is  found  in  the  epi 
the  stomach  and  intestine,  and  some  of  it  may  circulate  ii 
in  a  soluble  form  for  a  short  time.  But  the  greater  propon 
soon  thrown  down  in  the  form  of  minute  granules,  whicl 
merly  believed  to  be  metallic  silver,  but  which  have  mc 
been  said  to  be  one  of  its  organic  compounds.  The  forma 
pigment  is  quite  different  from  the  reduction  of  silver  in  s 
it  occurs  in  complete  darkness.  The  change  apparently  ta! 
the  cells,  especially  in  the  leucocytes,  but  the  granules  an 
extruded  into  the  surrounding  fluid.  They  are  found  in  thi 
tissues  of  the  body  chiefly,  and  when  present  in  quantity, 
color  to  the  skin  and  mucous  membranes.  This  pigmex 
gyria)  was  much  commoner  formerly  than  at  the  presez 
several  cases  have  been  described  quite  recently.  The  chi 
chronic  silver  poisoning  or  argyria  was  formerly  the  ti 
e])ilepsy  with  the  nitrate.  More  recently  it  has  occarred  in 
of  artificial  pearls,  who  use  silver  as  a  pigment 

Local  argyria  is  sometimes  met  with  from  the  prolonged 
of  silver  nitrate  to  the  eye  or  throat,  when  it  tints  the 
mouth,  and  from  working  with  silver,  when  the  hands  are  { 
blackened  from  the  granules  being  forced  into  the  skin. 

The  deposit  of  the  silver  in  the  skin  g^ves  it  a  darker  co 
from  light  gray  in  mild  cases  to  a  darker  slate  shade  after 
longed  use.  It  is  generally  distributed  all  over  the  body,  1 
cases  has  been  especially  marked  in  the  face,  and  it  is  said 
the  gums,  where  it  causes  a  dark,  slate-colored  line  somev 
bling  the  lead  line.  In  the  skin  it  is  found  in  the  coriam, 
epidermis.  The  deposit  and  the  dark  color  extend  thro 
alimentary  canal  and  the  respiratory  passages,  the  granule 
in  the  connective  tissue,  particularly  in  the  intestinal  villij 
the  epithelium.  The  glomeruli  of  the  kidneys,  the  oonnc 
of  the  liver  and  spleen,  the  choroid  plexus,  the  tunica  in 
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aiirta,  tbc  serous  membrnm'S,  and  the  mesenteric  lymph  jj:l;in(ls  i-iuiluin 
more  of  the  ilopowit  than  other  organs.  The  pijjnientation  is  not  ac- 
(ximpivnie*!  hv  any  other  symjHom  of  imjMjrtauce,  and  the  victims  live 
tn  old  a^e  without  sutterinj^  from  the  chronic  p<iisoDing  in  any  way, 
except  fnmi  the  annoyance  induced  by  the  change  in  color. 
Argyria  is  quite  incurable,  although  many  attempts  have  been  made 
remove  it.  Iodide  has  been  tried,  for  the  most  part  without  eifect, 
ami  hli.steriug  is  equally  valueless  as  the  pigment  lies  deeper  than  the 
^epidermis.  The  only  known  solvent  of  the  granules  is  cyanide  of 
>tassium,  and  of  course  this  is  inadmissible  owing  to  its  powerful 
>isonous  action. 

Arg}*ria  has  been  induced  in  animals  by  prolonged  treatment  with 
f?nmll  doses  of  silver  wilts,  though  the  pigment  is  not  found  in  the  skin 
iu  tbem,  but  in  the  duodenal  uuicouh  membrane  aud  the  mesentery 
attached  to  it,  the  mesenterio  lymph  glands,  the  spleen  and  liver.  A 
still  more  limited  area  of  argyria  has  been  caused  in  animals  recently 
by  admiuistering  for  a  few  weeks  the  glyeyrrhixinate  of  silver.  It  is 
not  uiilikely  that  more  prolonged  administration  would  lead  to  other 
organs  and  perhaps  the  skin  being  involved.  A  de|>osit  of  silver  pig- 
ment lias  also  been  iiiduce<i  in  animals  by  a  single  injection  of  a  non- 
irritant  preparation  into  a  vein,  or  into  tlie  sultcutaneous  tissue.  Here 
the  silver  is  found  at  first  in  the  liver  eapillaries,  the  glfvnionili  of  the 
kidney,  the  intestine  and  the  l)one  marrow,  but  is  after\var<is  tiiken  up 
by  the  leucocytes,  and  carried  to  all  tlie  organs  of  the  body.  Various 
symptoms  of  chronic  poisoning  quite  apart  from  argyria  have  been  de- 
scribed in  animals  from  prolonged  treatment  with  silver,  but  it  would 
seem  that  tliey  were  due  uot  to  the  direct  action  of  the  drug,  but  to  the 
continued  irritation  of  the  stomach  and  intestine,  as  they  were  entirely 
absent  when  less  irritant  preparations  aud  greater  care  in  administra- 
tion were  used. 

In  man  it  seems  likely  that  most  of  the  silver  passes  through  the 
alimentary  canal  unabsorl)ed,  and  that  the  small  proportion  taken  up 
by  the  tissues  is  precipitated  and  remains  emlxMlded  in  tht^m  indeli- 
nitely,  for  the  pigmentation  remains  unchanging  in  its  depth,  and  there 
is  therefore  no  reason  to  suppose  that  any  of  the  silver  is  climinate<L 
Tn  animals,  however,  some  of  the  silver  iujecttwl  liyinKlermic:dly  or 
intravenously  is  excreted  by  the  epithelium  of  the  alimentary  canal. 
None  appears  in  the  urine.  In  the  frog,  silver  injectetl  hy|h^dermically 
is  all  excreted  by  the  epithelium  of  tlie  tongue,  rs  swallowed,  and 
passes  out  in  the  fteces.  No  other  poison  is  known  to  be  elimiuuted 
oy  this  channel. 

Silver  nitrate  is  a  powerful  antiseptic,  partly  from  its  action  in  co- 
agulating the  proteids  of  the  micro-organisms,  partly  from  the  specific 
effects  of  the  metal^  as  is  shown  by  the  fact  that  the  albuminate  of  sil- 
ver is  also  an  active  disinfectant. 
44 
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ilysenter)'.  In  gouorrlwa  the  nitrate  of  silver,  one  part  in  500-2000 
of  water,  \s  used  as  an  injectiim,  and  is  found  to  liavc  ^rfut  value,  de- 
stroying the  gonococei  and  j>ronioting  healing.  Very  nineh  stronger 
aolutious  (up  to  5  j)er  cent.)  have  been  used  to  abort  t)ic  disease  in  its 
floset,  but  cause  great  pain. 

The  precipitfttion  of  silver  nitrate  by  proteids  and  chlorides  confines  its 
disinfectant  action  to  narrower  limits  tliun  thoBC  uf  some  othtr  antiseittics, 
•nd  this  has  led  to  tbe  introduction  of  a  number  of  other  compouuds,  which 
are  tees  GHsily  diflsmiuted  and  ticrordingly  less  liable  to  be  thrown  out  of  so- 
lution. Thus  argnilamine,  a  tfn  per  cent,  solution  of  silver  phosphatt?  in 
ten  per  cent,  ethyleudiiuuine  solution,  has  been  used  in  gonorrha*a  diluted 
to  1 : 1,000-5,000]  in  the  eye  in  live  per  cent,  solution.  It  i>enetmles  iM-ttcr 
thtto  Hilver  nitrate,  but  the  alkaline  diamine  renders  it  somewliut  irritjiting. 
Another  recent  prwluct  is  argonin^  which  is  a  combination  of  cusi'iii  and 
BJiver,  is  soluble  in  water,  and,   like  argentiimino,  is  not  precijiitjited  by 

Ichloi-iilf':)  nor  by  albumin  ;  it  is  a  somewliut  we^iker  antisi>plie  liuin  the  uilmte 
Aud  ui^eulamiuu.  The  lactate  of  silver,  aclol,  uud  tlie  citrute,  itroi,  have 
ifco  been  m-ed  a**  anti.septi(!s.  Aetol  i-s  soluble  in  water,  and  resembles  the 
THtettte  in  coagulating  protcids,  while  itrol,  on  the  other  hand,  is  practically 
>u«oIuMe  {1  to  8,800  water).  The  former  is  UHCil  in  soUition  {S  per  cent.),  the 
»**U?i  ufl  a  disinfecting  |H>wder  in  wounds.  At.'tol  and  argonin  have  been 
'*^*JH-n  to  have  very  c<insiderable  disiufcctunt  jKiwer  iu  test-lul>e  cultures,  and 
**^l  lessens  the  putrefaction  in  the  bowel  and  constipates  to  scmie  extent, 
out  ar^inin  hnn  uo  etfecloii  the  intCKtinul  uiicrobcs.  PtoOirgof,  iartjin,  uud  luiiny 
nther  couiiiound.*'  of  silver  have  l)een  introduretl,  but  all  uf  theHc  have  hwn 
f)V^*ict!i\  in  (he  last  few  j'earvby  Creilv' seo fioid  nihcr {(hUnrtjiJ),  which  isnietallic 
sil^x-r  iu  enlloid  fomi,  wbieii  may  be  RU(i|M'iidcri  in  water  (4  per  eent. )  or  in  oinl- 
Bx'Ut  (10-15  [)er  cent.).  It  !»  sjiid  to  Ih>  efficient  a;*  a  diMinfeetant  in  the  sunic 
conUiijtMis  a»  have  hitherto  bwii  Ireiitcil  with  the  nitrate  and  to  Ive  praetically 
iU'V«»i,|  „f  tlie  irritimt  and  c<jrro^iv<'  action  uf  the  latter.  Attoinpti^  have  bwn 
taaflctuu^-  it  hy  hypmlermie  or  intraveni>us  injection  in  ^neral  geplica-mia,  but 
tW  eiirlier  elninis  of  itH  advoeiitCH  that  it  wax  of  value  i\»  an  antiHeptic  in  euiiHti- 
tutiotml  dise»>e>s  have  proved  to  luive  no  more  foundation  than  the  similar  ntjiLe- 
nicuts  in  rtiJ«rd  lu  other  antiseptics.     (;?ee  pagcH  393-yi>G.) 

Silver  preparations  ou^ht  not  to  be  usimI  for  long  perioils,  as  argyria  bna 
Wn  inductnl  in  three  monllis  and  after  the  use  of  15-30  O.  (j-1  ox.)  of  the 
nitrate. 

Iu  cases  of  poisoning  with  nilver  nitrate,  eggs,  milk  ami,  ulwve  nil,  com- 
Qon  ult  solution  are  iudicateil  to  form  insoluble  comimuadB.  In  argyria 
no  improvement  can  be  expected,  thougti  the  iodide  of  putAssium  may  be 
hied. 
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Vni.     BISMUTH. 

The  insoluble  salts  of  bismuth,  in  especial  tlie  subnitratc,  have  long 
enjoyed  a  reputation  in  the  treatment  of  gastric  and  intestinal  initio, 
tion,  and  have  more  recently  been  advised  in  surgery  as  apiilicatinW 
to  granulating  wounds. 

Symptoms.  —  Taken  in  therapeutic  doses,  the  subnitratc  imlurtsiH 
markoii  symptoms,  even  after  prolonged  use.     It  has  little  or  no  t^fctc, 
ami  passes  tlirougli  tlie  stomach  and  intestine  for  the  most  part  uimU 
Borbed.     It  is  said  to  increase  the  ]x.'ristalsis  of  the  stomach  ami  tin* 
secretion  of  mucus,  but  it  may  be  questioned  whether  it  has  moreeffrtl 
here  tlian  any  other  heavy  powder.     In  the  intestine  it  is  said  to  bve 
Borae  effect  in  increasing  the  leucocytes  of  the  blood,  and  often  aiisc* 
some  constipation.     It  gives  the  stools  a  black  color,  which  is  geuer- 
ally  believed  to  be  due  to  tlie  formation  of  the  sulphide  of  bisrautti^ 
but  which  Quincke  ascribes  to  the  reduction  of  the  subnitratc  in  tW 
intestine. 

Very  little  of  tlie  bismuth  swallowed  is  absorbed,  but  several  au- 
thorities Imvc  found  traces  in  tlic  urine  of  patients  treated  with  it  in- 
ternally 80  that  some  evidently  passes  into  the  blood  under  certain 
unknown  conditions.  Knormous  quantities  have  been  administertd 
internally  without  any  symptoms  of  poisoning  being  elicited,  but  in  one 
or  two  cases  m)me  stomatitis  has  been  remarked,  while  in  other  in- 
stances large  oonci*etions  of  bismuth  Iiave  been  found  in  the  stomach 
and  intweL  Some  of  the  older  writ-crs  describe  serious  poisoning  from 
bismuth,  but  this  was  not  due  to  the  drug  itself,  but  to  the  lead,  arsenic, 
or  antimony  with  which  it  was  contaniiiiated.*  As  long  as  bismuth 
was  given  only  intrrnally,  no  serious  symptoms  arose  from  its  acliou, 
and  in  fact  any  effects  whatever  beyond  slight  constipation  were  ejc- 
tivmely  rare.  But  since  its  use  was  extended  to  wouuded  surfaces, 
8ev<Tal  erases  of  seriouH  intoxieation  have  occurred.  The  symptoms 
are  salivation,  swelling  of  the  gums,  tongue,  and  throat,  pain  and 
ilifficiilty  in  swallowing,  black  s]>ots  in  the  mouth  and  tliroat,  and  gan- 
grene of  the  soft  palate  and  other  parts  of  the  mucous  membrane  of  the 
mouth.  Vomiting,  diarrhwa  and  albuminuria  follow,  but  the  jia- 
titMits  generally  recover  when  tlie  dressing  is  removed  from  tlie 
wttund.  In  tlicse  cases  much  less  bi.smnlh  is  applied  than  is  ofleji 
pre.scril>ed  for  internal  use,  so  that  it  would  appear  tliat  it  is  absorW 
more  rapidly  from  granulating  surfaces  than  from  the  mucous  niefii- 
braues,  or  that  what  is  absorbed  froiu  the  stomach  and  intestine  is 
prevented  by  the  liver  from  reaching  the  general  circulation. 

Action. — The  general  artton  of  bismutli  has  been  itudied  in  animals  by  the 
ftulx-uUimtiiiM  iir  iritraveimus  injection  nf  iheVlniible  ^alts,  such  as  the  Utrtnte  of 
bismuth  and  sodium.     In  frt^  Uiu  syuiptouiH  are  tliciHC  of  Htimulution  of  the 

'A  srm)>u>m  formerly  noted  in  cases  treated  with  htMmulh  wan  an  extremvlj  di»- 

npH_>(fii1)t<-'  iwliir  in  the  hretUh,  but  this  has  been  shown  tu  be  due  tu  the  presence  of 
telluri'""  »u  the  pre|>arBtiou. 
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spinal  cord  and  medulla  oblongata,  followed  by  dcprcisaion  and  paralyBis.  The 
fc^tiniulation  inducfD  tonic  ronvulsion!*,  which  are  Heparuted  by  perimlH  in  which 
the  frog  ii^  lit  liret  ajiparently  noniml,  but  in  which  i^ymptums  of  deprei«ion  ajid 
panily»it(  appear  later.  The  peripheral  nerveii  and  muscles  and  the  heart  are 
htlle  iitfected. 

[n  inammaU  alsw),  large  doses  act  chiefly  on  the  central  iiervouM  system.     The 
piratiun  i;*  accelenited,  the  heart  Mowed,  and  violent  clonic  and  tonic  convui- 
fti'iUB  foUow  at  short  inti-rvulH,  during  which  the  movemcntti  are  weak  and  inco- 
ordiiuited.     Towanl  the  faUil  itwucof  the  injection  the  heart  often ceaaea entirely 
r  aome  time,  and  then  regains  it*  fonner  rhythm  quite  suddenly.     The  hUmd- 
rewun*  falls,  partly  owing  to  the  weakneas  of  the  heart,  partly  fmni  di'pre?**iou 
f  the  vttso-motor  centre.      In  some  animal!*  tht*  respiration  cetuien  before  the 
jirt ;  in  others,  the  sKHpience    is    rcventcd.     The  heart   Beems  to  be  affected 
irectiy,  for  division  or  paralysis  of  the  vagus  nerves  does  not  alter  the  efleeU. 
SmaJler  tjiiiintitiert   injecte<l    intravenously  or  8ubcutane<ju§ly  into   mamniaJH 
Juix*  a  more  chnmic  form  of  intoxication,  which  resombles  that  seen  in  man. 
ic  earliest  HympU)m»  are  Iot«  of  apiK.'tite,  vnmiting  and  diarrhcca,  salivatidii 
■nd  stomatitiH  with  ulceration  of  the  gum»,  tongue,  and  buetiil   mucous*  mem- 
Irane.      Weaknciw,  slownesw  and  incoordination  of  the  movemeuti*  follow,  and 
ccpt  in  verj-  few  chronic  ca'*cs,  tetanic  convuUions  occur  at  intervals.     The 
ne  c<mtainj*  albumin  and  eastu.     The  weakness  griiduolly  de<'i>enH  into  c<mi- 
iete  paralyHis  and  the  animal  dies,  generally  without  convulsions.     The  heart 
md  little  atftM-te*!  in  the  chronic  intoxication,  but  the  blood-pressure  is  low 
m  the  intestinal  irritjitioii  ami  general  rollnp^. 

Besides  the  stomatitis  mid  ulceration  of  the  mouth,  the  port-mortera  ap|>ear- 
ces  in  chronic  bismuth  poisoning  in  animals  ctmsiHt  in  wnne  congestion,  intlaui- 
on  and  necn>sis  in  the  kidney,  and  an  intense  black  coloration  of  the  ciecum 
il  the  upjier  part  of  the  large  intestine.  This  jtipmentation  in  limited  very 
ttclly  by  the  ilenciecal  valve,  and  extends  throughout  the  thickness  of  the 
wel  wall.  The  mucous  membrane  uiay  also  be  necro!»eil  in  places,  and  uleera 
d  hx'morrhages  are  met  with  in  it.  The  black  colorati<m  is  due  to  a  deposit 
<r»f  bismuth  sulphide  on  the  nmcou*  tucmbrane,  and  in  the  capillary  vifwels  and 
lymph  spaces.  Meyer  anil  Steinfcld  found  that  bismuth  is  excreted  all  along  the 
alimrntitry  ciinnl,  but  in  larger  (innnttties  in  the  ctecuni  and  large  int4_>s(ine  than 
elsewhere,  and  they  :is»Til>e  the  ulceration  to  the  precipitation  of  the  sulphide  in 
the  vessels  and  theconi*equent  arrest  of  the  blood  current.  When  sulphide  solu- 
tion wiLs  artificially  intrmlnoed  into  the  stoiiuu-h  and  small  inlistiiic,  bismuth 
t.'Aiisffl  necrosis  and  ulceration  here  also,  so  ilitil  there  is  considerable  support  for 
this  view. 

They  found  bismuth  to  be  stored  in  considerable  quantity  in  the  liver,  and  to 
excrcte<i  by  the  urine,  stomach 
large  Itowd.      It  h^is  In-en  foiin<I 
in  traces  in  the  milk,  ntthoiij^h  the  last  is  not  satisfactorily  cstjililislieil 

The  aetion  of  bismuth  in  acute  poi^miug  in  animal  experiments  seems  there- 
fore to  l)e  exertoil  on  the  medulla  and  sjiinal  cord,  Ut  a  less  extent  on  the  liejui^, 
while  in  chronic  intoxication  the  organs  affected  are  thoee  by  which  it  is  excreted 
— the  mouth,  kidney,  large  iutestinc,  and  cuH:um. 
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and  intestine,  but  especially  by  the  cjecum  and 
in   the  saliva  by  other  nliwervers,  and  jterhnjis 


I 


Prepaiiatioxs. 

I  SuBNiT&AB  (XT.  8.  P.,  B.  P.)r  whito  bismuth,  Magtsterium  Bls- 
nthl,  bismuth  oxynitrate,  a  heavy  white  powder  o<iorlc^f«  and  nlmo.'^t  tABte- 
le.sH,  inpoluble  in  water  or  alcohol  but  soluble  in  nitric  or  bydrochloric  acid. 
It  consists  of  n  mixture  of  the  hydrate  and  nubnitratc  of  bismuth  in  varying 
proportionR.*     0.3-2  G.  (5-30  gTH.),  in  powder  or  suspendeKl  in  water. 

'  Tlie  B.  P.  defines  this  propamtion  as  bLimuthoxy nitrate  (BiONO,U,()),  but  some 
hydrate  is  almost  Invariably  preisent. 
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Bismuthi  Subcarbonaa  (U.  S.  P.),  Biamuthi  Carbonaa  (B.  P.),  bismuth  oxy- 
carbonate,  a  white  or  pale  yellowish -white  powder,  varying  in  composition, 
odorless,  tasteless,  insoluble  in  water  or  alcohol.  0.3-2  G.  (5-80  gre.)  in 
powder, 

TrochUcus  Biamuthi  CompoaUua  (B.  P.) ;  each  contains  2  gra.  of  bismuth 
oxycarbonate  along  with  the  carbonates  of  magnesia  and  of  lime. 

Bimnuthi  Salicylas  (B.  P.),  Biamuthi  Submlirylcui  (U.  S.  P.),  the  salicylate  or 
oxvHHiu'vIate  of  bismuth,  is  a  white,  aniorpbous  powder,  insoluble  in  water. 
5-20  grs. 

Bismuthi  Oxidum  (B,  P.)  (Bi,0^,  a  slightly  brownish-yellow  powder,  in- 
soluble in  water.     5-20  grs. 

Bismuthi  Citraa  (U.  S.  P.)  (BiC^H^O,),  a  white  powder,  odorless,  tasteless, 
insoluble  in  water  or  alcohol,  used  only  to  form 

Bismuthi  et  Ammonii  Oitraa  (U.  S.  P.),  small,  shining,  translucent  scales, 
odorless,  but  with  a  slightly  acidulous  and  metallic  taste,  and  becoming 
opaque  on  exposure  to  the  air,  very  soluble  in  water,  less  so  in  alcohol.  0.1- 
0.3  G.  (2-5  grs.). 

Liquor  Bismvthi  ei  AmTnonii  Citratia  (B.  P.)  contains  the  equivalent  of  5 
per  cent,  of  bismuth  oxide.     }-l  fl.  dr. 

Bhnnuthi  Suhgaliwi  (U.  8.  P.),  0.25  G.  (4  gra.),  forms  a  white  or  nearly  white 
powder,  insoluble  in  water,  tasteless  and  odorless. 

Therapeutic  Uses.  — Bismuth  has  been  used  chiefly  in  gastrio  catarrh 
and  ulcer,  and  has  often  been  looked  upon  as  a  specific  in  the  last 
affection,  though  it  acts  simply  as  a  protective  powder  with  perhaps 
some  astringent  properties.  It  has  been  found  that  when  swallowed 
it  is  at  first  deposited  in  the  most  dependent  part  of  the  stomach,  but 
is  later  distributed  evenly  over  the  surface,  and  forms  a  continuous 
sheet  over  any  ulceration,  which  it  thus  protects  from  mechanical  injury 
from  the  food,  and  also  from  the  chemical  action  of  the  gastric  juice. 
The  subnitrate  is  the  only  one  of  the  official  preparations  largely  used 
for  this  purpose,  and  is  generally  administered  in  quantities  of  2—3  G. 
(30-45  grs.)  per  day  in  powder.  Recently  the  use  of  much  larger 
quantities  (10—15  G.,  150—250  grs.,  per  day)  has  been  recommended. 
Bismuth  has  also  been  used  in  diarrhoea  for  its  astringent  and  protective 
action  on  the  intestine,  which  is  again  due  to  its  being  deposited  on  the 
mucous  membrane  and  acting  as  a  mechanical  coating  over  irritated 
surfaces. 

The  subnitrate  has  been  advised  in  surgery  as  an  antiseptic,  astrin- 
gent powder  to  replace  iodoform.  It  is  true  that  it  is  devoid  of  the 
disagreeable  odor  of  the  latter,  but  it  is  not  a  harmless  remedy,  as  was 
at  first  supposed,  for  several  cases  of  bismuth  poisoning  have  been 
recorded  from  its  surgical  use.  Like  iodoform,  its  value  depends  not 
so  mucli  on  its  germicidal  action  as  on  its  absorption  of  the  fluids  of 
the  wound,  whicli  renders  the  surface  less  suitable  for  the  growth  of 
bacteria.  The  therapeutic  uses  of  the  bismuth  preparations  then  are 
largely  due  to  their  insolubility.  The  subnitrate  is  generally  used,  the 
carbonate  less  frequently,  while  the  soluble  double  citrate  is  quite 
superfluous. 

Several  new  compounds  of  bismuth  haVe  been  introduced  into  therapeutics 
of  late  years,  chiefly  with  the  intention  of  combining  the  astringent  proi>- 
erties  of  bismuth  with  the  antiseptic  action  of  benzol  preparations.     Among 
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may  be  iiientioned  the  ntdieyhft  (R.  P.)  and  bmzoafe,  which  have  b<>en 
uaH  as  inte?itiiinl  antisoptit-H  nnd  luttriiigcnK  (0. 2-0.  !t  G.  (3-5  pTW.)>  *" 
jKiwiler.)  OUu-rs  are  (/rrw«^/ (gnllaUf  of  bi.smuth,  C',H,(OH),COOBid),  airol 
(bismuth  oxyiodirle  gallnte),  thioform  (bismuth  dithio-iitnlioylato),  bifrninlk 
phetudate,  crejntlate^  ftrph^if  (■<-naplil*ihit4'),  xoroform  (tribroinphenolato),  tan- 
nat^,  9utphocarboUtt€,  tU-mwl  (ihrysophviiat*?),  eudoxin  (tetiiiiodo-phenolphttdei- 
nute).  These  have  been  used  chielly  an  culaueous  upplicalious  iu  variouB 
fortoB  of  sklu  diM.>a:MJ,  in  which  au  astriugent  and  protective  pi>wdcr  is  indi- 
cated, in  burns  and  \dcer8,  in  smne  ojihthalmir  i-finditiuns,  und  us  dusting 
powderH  after  operatiunsi.  Several  of  them,  such  us  dcruiatul  (0.1-0.2  O.), 
nnd  the  phenolate,  creaolate,  naphtolat<%  and  tribroinphonolate  (1-4  C>.), 
have  been  advised  ua  intestinal  antiseptira  and  ikstrinibrentis,  and  the  lust  four 
have  been  sliown  to  be  dccumposed  in  the  inu-sline  into  bismuth  and  ihe 
correspond injc  aromatic  antiseptic.  Btomatilia  and  other  symploras  have 
been  ubserx'ed  occasionally  from  the  external  application  of  these  new  com- 
poundA,  but  they  s<%m  le8S  <langerous  tliaii  the  subnitratc  in  ordinary  sur- 
|cii:4k1  U3©.  The  phenol,  cresol,  and  other  similar  sultstanccs  freed  by  the 
dcoom|Kisition  of  these  new  coni|HJuuds,  mighl  also  give  rise  to  symptoms  of 
poisonin^r,  if  larKc  quantities  were  rapidly  forraeti  in  the  intestine.  Hcrraa- 
iol  has  no  eH'eet  on  the  <b>uble  sulphal4''s  of  the  urine,  »o  that  it  apparently 
dotrsD  not  act  as  a  germicide,  but  merely  as  lui  astringent  prottH^ivc  in  the 
intestine. 

BiBT.IOORAPnY. 
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Cramer.    Munch,  med,  Woch..  18iu;,  \k  587. 

JTem.     Berl.  klin.  WVh.,  181)2,  y.  IliK). 

ATocAer.     Volkmnnn's  Klinischc  vortriige,  No.  224. 
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S^Mii^.     Tbirrapcuu  Monatdli.,  181*4.  p.  485. 

Oerium. 

Cerium  is  used  to  a  limited  extent  in  thernpeutica  in  the  form  of  the 
oxaUte.  Very  little  is  known  of  its  cirectw,  but  it  is  aiiparently  abKorbwl 
with  dilBculty  from  the  stomach  and  intestine.  It  is  said  to  depress  the 
heart,  and  to  induce  vomiting  and  purging,  with  hyi>eneniia  and  et^chynioses 
tu  the  stomach  and  bowel,  and  nephritis  and  congestion  in  the  kidney,  when 
it  is  injected  into  the  blood  vessels. 

In  tl»erapeutica  it  is  tuwd  in  vomiting  from  seasickness,  pregnancy  and 
other  conditions,  in  which  irritation  of  the  stomach  is  not  the  jtrimary  cause. 
It  \a  quite  unknown  how  it  acta  in  these  cases,  but  it  is  sunui.'tod  that  ita  ef- 
fects are  local  and  similar  to  thofie  of  bismuth  subnitrnle. 

Crrii  Oxaltuf(V.  S.  K.  B.  P.)((:e,(C,0,),-f9H.O),  a  white  granular  powder, 
tosteleBS,  odorleaa,  insoluble  in  water  or  alcohol.    0.1-0.6  ti.  (2-10  gre.). 


IX.     ALUMINIUM  AMD  ALUM. 

The  chief  pharmnc<)|xt!iul  preparation  of  aluminium  is  tlie  sulphate  of 
aluminium  aiul  potassium,  or  aluiu,  which  has  tx^n  largely  Uirtnl  for  its 
astrin^'Ut  pro|>crtics.  Alum  solutions  precipitate  allnimin,  but  th« 
precipitate  la  soluhlo  in  excess  of  the  prtUcid.  It  is  not  known 
whetlier  an  alhumiuato  is  r)riued  similar  to  those  of  iho  heavy  metals^ 
though  it  .sccnis  probable  that  this  is  the  ease.     Dilute  s^^hitions  of  alum 
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bavr  an  astringent  effect  from  their  thrrvwiog  domi  a  tarcr  of  prcdp- 
ttntttl  pn»t4>i<l  nn  the  ^tir^cc  nf  tbp  mncoii?  nifiiiliianfw  or  on  wuimlni 
Mufaoetiy  but  liir^r  cjuantitiea  aod  Bkire  eoocpntrated  sohtfioos     ' 
ImtantB.     This  in  more  especially  the  case  wb^'n  dncd  alom  is  a, 
for^  in  additiuu  to  its  coagulating  effect  on  ibe  protesdsy  this  pn:|Arap 
tiun  has  u  great  avidity  for  water. 

Symptoms.  —  Alum  solutions  have  a  sweetuhy  astringent  Caf4e,  and  in 
small  qiiantitip^  induce  no  symptoms  except  a  feeliiig  of  dnraeKitml 
•stringency  of  tbc  mouth  and  throat,  and  some  eonslqadion.  liuger 
doaes  act  aa  gastrin  irritants  and  cause  naiiaea  and  vooaitiiig,  and,  in 
extreme  cases,  purging.  Even  the  largest  qoantitiea,  however,  aro 
followed  by  no  symptoms  except  those  of  gastro-intestinal  irritjiti<m 
and  infiimmntion^  and  the  long-continued  nse  of  alom  does  not  oJioit 
any  Hvmptoms  of  chronic  poisoning.  The  alumininm  salts  are  not  hIh 
aorbed  in  nny  quantity  fn^m  the  stomach  and  intestioOy  so  tltat  no 
symptoms  of  general  pois(jning  arise  from  the  internal  nse  of  the  ?alt. 
Aluminium  vea^ticls  may  t)e  used  for  cooking,  or  even  to  contain  oci'Is 
without  danger  of  intoxication,  as  has  beeo  shown  by  a  recent  serin 
of  inveatigaliouM. 

Aluminium  salts,  especially  the  acetate,  chloride  and  some  moR 
recent  preparations,  have  ven.'  considerable  antiseptic  power,  niudi 
more  than  some  of  the  more  generally  used  antiseptics,  such  as  Iwric 
acid* 

Action.  —  Aluminium  hits  a  very  remarkable  general  action  when  ll 
obtaiDs  access  to  the  blood.  In  Biem's  vxperimcuLs  on  ammals,  the  RidiuDh 
ahirninium  lactate  or  tartrate  induced  a  very  slow  intoxicatiuD,  luaiunii^'i! 
never  dying  from  the  etTecta  Bouner  than  one  or  two  weeks  afL*T  the  in- 
tniv(!iious  injection  of  the  salts.  In  frogs  the  symptoms  were  tbase  of  a  (1b> 
scendiu^  paralysis  of  the  central  nervous  system,  the  heart  and  the  peripfa^nl 
nerves  and  muscles  being  little  atl'ectcd.  In  mammals  tbe  Bn^  i^inptoffls 
appeared  only  after  three  to  five  days,  and  consisted  in  constipation,  rapw 
loss  of  weight,  weakness,  lorjjor  and  vomitiuju; ;  marked  ubnormalitii^  In 
movement  and  sensation  were  observed  later,  such  as  tremor,  jcrtiag 
movements,  clonic  convulsions,  paresis  of  tbc  hind  1^:^,  an£c»itbe^a  of  tlM 
nif>tith  and  throat,  and  le.'wened  sensation  all  over  the  IkxIv.  Btfufo 
death,  diarrhcea  often  set  in,  and  albuminuria  was  generally  prv^ent 
Tlie  mucous  membrane  of  the  stomach  and  Kiwel  was  fouiid  swollen  *s^ 
congefltcd,  the  kidney  and  liver  had  often  undergone  fatty  degcnerati*n)i 
and  htomorrhages  were  fouml  in  the  renal  corU^x.  Alumininm  was  foimdiD 
the  urine. 

Like  tbc  other  members  of  the  heavy  metal  series,  aluminium  therefor 
acts  on  the  bowel  and  kidney  in  general  poisoning,  while  many  of  the  symp- 
toms point  to  a  direct  action  on  tbe  brain.  Dollken  has  recently  oonfinueJ 
Bium^H  results,  and  showed  that  the  nerve  cells  and  fibres  of  tlie  <*onl  aiitl 
medulla  undergo  degeneration,  particularly  those  of  the  lower  cranial  nerves. 

It  Ikls  been  HtattNl  that  tbe  alum  Halts  nf  the  food  are  absorbed  and  stfirr<l 
in  the  bones,  but  this  is  incorrect.  AVhat  little  is  absorbed  is  pmbably  rap- 
idly excreted  by  the  bowel  and  perhapfl  by  the  urine. 

A  metal  which  Is  verj'  nearly  related  to  aluminium  in  its  eflTeets  in  the 
organism  i:^  BeryUinm.  It  differs  chii^fly  in  being  more  poisonous,  hi  being 
absorbed  from  the  ntomaoh  and  intestine,  and  in  causing  more  distinct  le^^uns 
in  these  when  it  is  ii^ected  into  the  blood. 
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PrKPA  RATIONS. 

ALUMEN  (U.  8.  P,,  B.  P.),  alum,  poteaaium  alum,  (AJjK.CSOJ^  +  24H,0), 
largOj  colorless,  octahedral  crj'stals,  with  a  sweetish,  strongly  astringeot 
taste,  soluble  in  water,  but  not  in  alcohol.     0.3-1  G.  (5-15  grs.). 

iilycn-ijiitm  Atuminis  (H.  P.),  10  per  cent. 

Alunicn  ExHwfttlum  (V.  8.  P.),  Alumtni  U«tum  (B.  P.),  burnt  alum,  dried 
alum  (A1,K,(S0^,).  a  whiu*.  giTinular  powder,  attracting  moistwr©  on  ex- 
posure to  air,  FoIubU^  in  water, 

Ahnnini  liyirojithim  (U.  S.  P.)  (AI,(OH)-),  a  white,  liffht,  aninr))hriii^  ^kwiUt, 
odfrU'w,  UiHielexs,  insoluble  in  wattT  or  nfrnhnl,  hut  wiliihle  in  hydnwhlorit' 
or  «ilphuric'  Hcid  and  in  fixed  alkaiicH.     iKS-l  G.  (5-lfi  yn*.). 

Alumini  Sulpha*  (U.  v^.  P.)  (Alj{SO^)j,),  a  white,  cryBtallino  powder,  with  a 
sweetish,  astringent  taste,  soluble  in  water,  not  in  alcohol. 

Uses.  —  Alum  \s  used  chiefly  externally  for  ita  astrinpent  properties. 
It  ha>*  b**!!  employed  iis  an  emetic,  but  is  less  reliable  than  the  sul- 
phate of  co|ipcr  or  tartur  emetic,  and  very  large  doses  (-1-8  G.,  1-2 
drs.)  are  required.  In  diarrhoea  either  alum  or  the  hydrate  is  somo- 
tunes  advised. 

Alum  solution  is  useful  as  an  astringent  gargle  (1—5  per  e-eut.),  as 
an  injection  in  gonorrhfpa  (J— 1  per  cent.),  as  an  astringent  lotion  in 
akin  di:4eas«.*s  (1  per  cunt.),  and  ft)r  otbcr  similar  pur|JOrtcs.  It  is  said 
to  tend  to  cause  corneal  perforation  by  dissolving  the  intercellular  sub- 
stance, but  hrus  been  used  in  ophthalmia  by  many  f^ni^eons.  Dried 
alum  is  more  caustic,  from  its  withdrawing  fluid  from  the  tissues.  It 
has  been  tised  to  a  limited  extent  as  an  emetic ;  more  frequently  as  an 
application  to  exuberant  granulations,  hemorrhoids,  or  condylomata, 
and  as  a  styptic  in  blecfling  from  tlic  nose  or  teeth.  Ahim  has  often 
l>een  prescribctl  in  clinmic  Icaul  poifioning  with  success.  A  one  per 
cent,  solution  has  been  injected  into  the  rectum  iu  chronic  dysentery, 
but  is  inferior  to  the  nitrate  of  silver. 

A  large  number  of  aluminium  preparations  have  been  intro<luce<l  recently 
as  antiseptic  astringents.  Among  thci^e  may  be  mentioned  cUiimnol  (naph- 
tol  Bulphonalo  of  aluminium),  salumin  (salicylate),  taniial  (tannate),  tjaUal 
(gallato),  ihfral  (buru  tart  rati'),  cuiol  (buroianuute),  aUol  (acetate),  alkattal 
(salicylate  of  i>otussium  aud  aluminium).  They  are  used  partly  in  iHilution, 
chiefly  aa  dustinf?  powders,  but  it  has  yet  to  be  proved  tluit  they  are  supe- 
rior to  the  older  pre pii rations.  As  with  so  many  of  the  jjroducts  of  the  new- 
industrial  chemiHtry,  iJioy  aru  thrown  on  the  market  in  such  profusion,  aud 
are  heralded  witli  such  exaggerated  praise,  that  it  is  impossible  at  present  to 
state  which  of  them  are  really  improvements  on  the  more  generally  recog- 
nized preparntiona,  and  wliich  are  merely  adapted  to  enrich  the  inventor, 
without  materially  advancing  therapeutics. 

BronOGUAPHY, 

Sifin.     Inftug.  PiftK.,  Dorrat,  1S8C. 
imktn^     Arch.  f.  exj».  Path.  w.  Piuirm.,  xl.,  p.  98. 
JalandeJiX  tSviz.     Ibid.,  xiU.,  p.  210. 
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1893. 
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X.    MINOR  METALS. 
Gold. 

Gold  has  never  Ix-en  largely  used  iu  therapeutics,  althoogh  repeated  at- 
tempts have  been  made  to  introduce  it  in  the  treatment  of  the  most  ilivenie 
couditiuns  ;  the  8ult  employed  has  almost  invariably  l>oen  the  double  rlilor- 
ide  of  gold  and  sodium.  It  is  much  lewt  i>oi8i»nous  than  many  of  theoUicr 
meUilA  and  may  \ni  taken  for  many  months  without  entailing  any  antovtrd 
symptoms.  The  subcutaneous  injection  iu  frogs  is  followed  by  jiaraly^of 
the  central  nervous  system,  gold  possessing  little  action  on  the  heart  and 
striatt^d  muscles  in  these  animals.  Injected  intravenously  in  dogs,  it  caUKS 
vomiting  and  <lyHpntfa,  which  soon  jjass  off,  but  if  sufficient  has  been  in 
jccted  the  auimal  sutTers  from  uauseu,  vomitiug  and  diarrhflpa  for  seveni 
days,  eata  nothing,  loses  ilesh  rapidly,  and  dies  a  week  or  more  after  the  ex- 
periment. Numerous  ulcers  are  found  in  the  stomach  and  intestinci,  mhI 
these  often  betray  their  presence  iu  life  by  hsemorrbagcs.  Gold  loweisllie 
blood  pressure  somewhat  on  intravenous  injection,  prol>ably  f^mtbedilir 
tiou  of  the  mesenteric  vessels  accompanying  the  intestinal  action.  Ithn 
little  effect  on  the  rate  of  the  heart  except  in  large  doses,  and  dilutes  the 
vessels  when  perfiised  through  them.  When  given  by  the  iziouth  to  dop 
and  cats,  it  is  at  once  ejected  from  the  stomach  by  vomiting. 

Gold  has  therefore  the  ordinary  general  elfecta  of  the  heavy  metAlfl  In 
causing  acute  irritation  and  ulceration  of  the  alimentary  canal.  Thee«ri; 
vomiting  may  1>e  due  to  action  on  the  centre,  but  is  more  probably  caused 
by  its  irritating  the  stomach.  The  diarrhoea,  and  tho  ulceration  of  the 
stomach  and  int<\sttne  probably  indicate  that  il  is  excreted  by  these  orpos. 

Auri  et  Sodii  Ckloridum  (U.  8.  P.),  a  mixture  of  equal  parts  by  weighlof 
dry  gold  chloride  (AuC!,)  and  sodium  chloride  (NaCl),  an  orange-yellow 
iKJwder,  wilh  a  saline,  metallic  taste,  delitjuesccnt  in  the  air  and  verj  solu- 
bio  in  Hater.  0.005-0.03  G.  (i^j-i  gr.),  in  solution.  Gold  has  been  nsttlio 
variotis  Her\*ous  disorders,  in  particular  in  those  of  a  hysterical  nature,  and 
may  conceivably  be  of  value  through  suggestion,  if  the  patient  be  infonned 
of  the  nature  of  the  remedy.  It  has  also  been  advised  iu  syphilis,  rL«niM- 
tinm,  and  other  chronic  diseases.  Of  lute  years  it  has  been  widely  adve^ 
ti.sed  as  a  specific  in  chronic  alcoholism,  but  analysis  has  shown  that  no  gold 
was  crmtained  in  the  Huid  utlvocated,  and  there  is  no  reason  to  supjKi^  Ih** 
it  is  of  value  except  by  means  of  suggestion,  Kantback  and  Calmetlo  bavo 
r(M:ommcadcd  its  hypodermic  iujcctiou  in  cases  of  snake  bite. 

BrBLIOGTlAPUY. 

Aronowitxh.     Tnau^.  Dissertation,  AVunburg,  1881, 
Schuiix,     Inaug.  DiHsertation,  Dorpat,  1892. 

Platinum. 

Platinum  resembles  gold  in  its  action  very  closely,  but  is  much  morepoi" 
Bonous.  In  the  frog  it  paralyzes  the  central  nervous  system,  and  later  the 
striated  uiuscles.  Kebler  observed  a  stage  of  convulsions  prec^Mie  that  of 
panilyais,  the  si>asm.s  evidently  arising  ftx)m  the  spinal  cord  or  medulla 
oblongata.  In  mammals  the  BjTnptoms  resemble  those  of  gold  poisoning;  in 
almost  every  detail.  Small  quuutities  of  platiuum  double  salts  injecte«i  in* 
travenously  increase  the  urine  to  some  extent ;  larger  injections  cause  ulbu- 
miuuria. 

Platinum  was  at  one  time  advised  in  syphilis,  but  has  never  b««D  widely  | 
used. 

BliJLIOGRAPHY. 
Kehter,     Arch.  f.  exp.  Path.  u.  Pharm.,  ix.,  p.  137. 
OtKnatnru    Arch.  f.  exp.  Path.  u.  Pharm.,  xxx.,  p.  127, 


CHnoMimr 
Chromium. 

Chrvmium  is  used  in  medicine  in  the  form  of  chromic  acid  and  the  bichro- 
ntiate  of  fH)tAaaiam,  which  are  bi>lh  powerHil  oxidizing  tH>diejt  in  addition  to 
tiieir  poisonous  action  a.s  metallic  oxides.  The  fonner  itroptTly  rendors 
t.fcpm  more  irritiuit  and  corrtisive  than  uiohI  of  tUo  salts  of  the  hciivy  mduls. 
''hromic  acid  in  particular  i»  a  powerful  cauMic,  combining  the  action  of  a 
letallic  oxide,  an  acid,  and  a  strongly  oxidizing  agent.  Applie<l  to  the  t^kin 
Kuhstance  it  corrodes  it,  but  is  wiid  tt»  cause  leMs  pain  tlian  the  more  peno- 
Ling  caustic  |H)(ash.  Kveu  in  dilute  ttolution  tbu  chromic  milts  and  the 
v'u\  act  as  skin  irritants,  and  the  cauBtic  cflecta  arc  shown  by  tkin  dipcaKea, 
ntl  particnUrly  by  deep  perforating  ulcers  in  pem-onfl  ex[»o8ed  conKtanlly  lo 
t  he  dusl  of  chromic  salts  in  factories.  These  ulcers  rt'i^c  from  any  nbinsion 
of  the  tikin,  while  the  acid  does  not  seem  to  be  capable  of  penetrating  the 
ttabrokeu  epiiiermia.  The  cartiiaginourt  septum  of  the  none  is  also  u  common 
seat  of  ulceration,  which  eventually  leach*  to  perforation.  These  ulcen;  arise 
m  the  local  action  of  the  poiscm  and  not  from  it«  ubporption  ;  they  are  Raid 
ti:»  l>e  almost  {uunless.  The  luhulution  of  the  dust  leads  to  chronic  bronchitia, 
whil**  that  Rwallowi-d  and  absorbed  may  give  rise  to  nephritis. 

I  Symptoms. — In  n<'utp  poisoning,  when  a  large  quantity  of  the  acid  or  of  a 
salt  is  swallowe<],  the  symptoms  are  those  of  gostru-intt^stinal  oorroftion,  in- 
tenw  i«iin  in  the  throat  and  stomach,  vomiting  and  purging,  with  blcKMl  in  the 
vomitf'd  matter  and  the  stools,  collapse  and  frequently  death.  The  mouth 
nnd  throikt  are  stained  yellow,  and  the  stomach  and  intestine  exhibit  the 
iiuutkl  appearanco  of  violent  corrosive  |>oi8(»ning. 
The  general  action  of  chromic  ptx'parations  may  be  elicited  in  animals  by 
.•aibcataoeuus  or  intravenous  injection,  or  by  the  administration  of  suuiller 
quantities  by  the  mouth.  The  symptoms  resemble  those  caused  by  the  gen- 
eral action  of  other  metals.  In  the  frog  increasing  weakness,  tremor  and 
eventually  fiaralysis  of  the  eentnd  ner\'oUH  syst^'m  are  induced.  In  the 
matuin«l  weaknen  and  slownesii  in  the  movements  it*  f<illowe(l  by  ulbuini- 
nuria,    glycosuria,    diarrhcea    and    vomiting.     Hometimes     twitching    of    the 

■  muftclos  or  e\en  convidsions  are  seen,  nnd  then  the  weakness  passes  into 
girnemi  paralysis.  The  heart  seems  little  aflected  by  chromium,  but  the 
hUK>«l- pressure  falls.  After  death  the  stomach  and  bowel  are  found  eon- 
geslc<],  and  the  mucouH  membrane  is  necrosed  and  ulcenitcd  in  some  {mrts, 
mvertfl  with  ecchymoaea  in  others.  Haemorrhages  are  also  found  in  other 
orpin-i  of  the  bo*ly,  notably  in  the  heart  wall.  Tlie  kidney  is  in  a  stat*'  nf 
acute  part*nchymatous  nephriti.«  and  often  contains  de|>osit«  of  uric  acid,  and 
albumin,  casts,  anil  often  blocKl  cells  apjK'ar  In  the  urine.  In  chronic  |Hjison- 
ing  interstitial  nephritis  is  said  to  occur. 

tTironiic  acid  and  its  saltis  are  readily  absorbed  from  the  stomach  and  in- 
t(«tin<>.  They  seem  to  be  excret*'d  for  the  niost  part  through  the  kidney,  to 
a  leas  cxtont  by  the  inteatinal  epithelium  probably.  In  the  urine  the  metal 
occurs  in  part  in  organic  combinations. 

Chromic  oxide  compounds  act  in  the  same  way  as  the  cbromates,  but  are 
mtirb  less  ])oisonouB. 

PREI»ARATI0N8, 

.iritfum  Chmmieum  (B.   P.),  (Thromii  Trioxidnm  (U.  M  P.),  chromic  ocid  or 

anbydride  (Or<>,),  forms  cryHtaln  of  dark  purplisli-riil  rtilnr  and  metallic  luj*t«', 
«Hh»rlf««,  verj*  ftoluble  in  water.  Wben  bnMight  in  rnnlitct  with  organic  siib- 
stanri**',  -^uch  ha  alt'ohnl,  glycerin  or  augnr,  it  oxidizes  them  rapidly  and  often 
violently  with  explosion. 

Lu/ttor  Aciiii  Chrrfintri  {H.  P.),  25  per  iH'nt. 

J\ff'tsfii  Biehroniti*  (H.  P.),  Pnttwtii  [HehrmtutM  (U.  8.  P.),  biehmauitc  or 
dii-hroniatc  nf  potasKiuni  (K,Cr,0.),  forms  large,  orange-red  tnmsporvnt  crystals, 
witii  a  bitter  metallic  ttLt^t**,  i«oluble  in  ten  [>artM  <tf  w.it<T.      )i-12  nitrs.  (|V~i  K''-  '- 

Chromic    acid    is    uncd    as    a    cjuimUc    upplicalion    to    maliguimt   growths, 


THE  HEAVY  METALS. 


!liUlj^.T»S 


,^  ^  diphtheritic  membranefl,  to  a  less  extent  as  an  irritant  anti« 

*i  b\-         '"^^^i^       >!;enerany  been  applied  by  dipping  a  glass  rod  into  a  solut 
-'  J.  virwT  ^■*"-^\  lowing  the  crystaU  to  deliquesce,  or  it  may  be  ftised  on  the  ( 

;.y  preven    ■.  ^*  *^*^  *^*o  l>eeii  arlvLMrd  in  5  per  cent,  solution  as  an  appHcat 

The  bi<^j*^^^=^    1>*?Tspiration  of  the  fi*t  and  to  harden  the  skin, 
pepsia  in*.  ^"^I^Tomate  has  been  rerrommended  recently  in  certain  forms  of  d 

^»os€8 of  5  ni|£H,  (f J  gr,). 


Pri^MU 


BiBLXOGBAPHY. 


-       Jonr.  ni  Amc  and  P1it!i.,  iL,  p.  285. 

Ptrvi'^^  "^ '       .)rr:h.  f.  eip.  Path.  o.  Pharm.,  vi.,  p.  148. 

//-  — "-— ~         Koh^rl'4  Arii.  a.  d.  phann.  IiwtiL  za  Dorpal, 

^-  ..^  "  --^^rtS,     M'inrh.  mrtL  W.joheiwt'hr..  1S»01,  i.,  p.  XW. 

W  iaf-rn  Arnh-,  Ijcxxriii.,  jt  »J27. 


Han^anese. 

'.  c'  niuuEuieae  are  found  in  the  blood  and  tissnes  of  man  and  an 

^"  '  - —        —   r^Lifcntij.  but  this  metal  is  not  an  essential  constituent  of  tl 

'"     '"^^ — = "    —     J  lEsairrMiT  absorbed  accidentally  with  the  food.     The  salts  < 

^■'  "'" — ^ — .'  I      —  .LT^*:  joannties  cause  acute  irritaiion  of  the  stomach  and  ii 

•--- ii..-  ■zti*^    :  '.'zjt  other  heavy  metals,  but  no  sj-mptoois  pointing  1 

"ij    :  — " IE.   lie-  ife;***:  rr-Tu.  n  of  the  metal  are  obsen*ed  even  when  the  adminii 

:.  I   -~~  ■•  T'—-^-'_  tc  k  >«ur  lime.'    Sfanganesie  is  absorbed  from  theal 

-ii—  itta.-,  u."vy^*^  :c2  c-oJy  in  very  small  quantity,  and  it  appears  t 

:ii.  K-  7-  J.    :t.s«:7  :i  ^a-  KCTEV  throu^  the  tissues  ^see  page  604).     It 

:-^^     _^^^^^^^  -^M.     -  iL  :ufr  !Kra  tt:>r;i:i<«i  by  the  hypodennio  or  intravenous  injectaoi 
4    ..  .  -^:--.      Ill    r-'c*  iBUdanese  injected  hypodennically  causes  a  dc 

,.::_^  :u-:t*-s^    -f  "iie    sjoa  and  spinal  cord,  and  later  weakens  an< 

^<     ^  ..       _  t-af.   T-uit   ale  3«rtyi»ral  muscles  and  neires  seem  unaffected 

:. ,:  - ■■—  .-  ics"  uiw*;uatf  juraop  epileptiform  oon>-nl«ionf .  particularly  ii 

.  ^-4  .*t::ifn-nu:     ^oufc^rqaantities,  which  cause  a  less  acute  intoxi 

; .-    a    at»    ivK,  lausea  and  vomiting,  diarrhtva.  weakness,  som 

_..»-.-f  iuu  if  ata  Tfjm  irrest  of  the  respiration.     The  mine  is  oflei 

^^  ^r.    *<uuuic>  'iile  pijccoent,  and,  towaxds  death,   albumin  and 

1.  . -.i-uuH.il  uid  'luwel  present  no  congestion  or  ulceration  in  thesf 

.J   "^ w:»»i«-s«    ff  :buud  in  the  vomited  matter  and  the  Ftools,  in  th( 

"*     ~  _  _-  -^         -    --iii    uit«4inai  wall,  to  a  less  extent  in  the  other  organs.     Ir 

■■'"  .  .t.i.^    \i  uauuiials  the  Wood-pressure  falls,  from  depression  and 

"   "^      ^  _         .u   *.  a«t>.uiuUir  centre,  while  the  heart  is  affected  only  mucfc 

■^      ~  fc.-sM.iiic  iHiiisuniug  the  darker  color  of  the  urine  indicates  icterus, 

'    "■  ~ 1_  -  a.v.*.n  :uwre  markeil  when  small  quantities  are  repeatedly  injected 

"     ~-  _  -^aiauroutf  tisMitis,  and  chronic  poisoning  induced.     In  chronic 

"^  *  "_  ^  ^  ^MLPttu^  which  is  shown  in  acute  poisoning  by  albuminuria,  is 

*       -  ~  "7  -«.  -  *  t'ioi-Hrd,  the  intlammation  commencing  in  the  secnetory  cells  of 

-■iki  Uhier  involving  the  interstitial  tissue,  if  the  animal  lives  long 


-.«..  iiijocteil  hypodennically  or  subcutaneously.  is  excreted  chiefly 
J..  1  liai  epithelium,  to  a  less  extent  by  the  kidney. 

Preparations. 

-  »„.r../N«  Pr^rcipitatum  (U  S?.  V\     IX«.  *\-s  g.  *4  ^x 

u'fMA  iV    S.  P.)  (MnSO^-r  4H.0  .  o**WIt-a«.  .>r  !^4.e  n«-c^tIored 
:*  ^Muowluil  bitter,  astringent  taste.  s^^luWe  in  water,  n-s  iu  aJrt^hol. 


^'  ■  ^//,Sill,»hi,  (U.  S.  p.)  (Mn(PH,0.->-     '>.i  O.  iS  xr^ 


•,.;iif«.£ 


^  ..^riUnl  to  thronic  poiwning  ha«  i««dT  Ke.»i  o^vnSc  r  r  Erahlon 
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IcsHened  oxidation  in  the  tissues  has  been  shown  to  cause  some  glycosuria  in 
a  iiuml>er  of  instances. 

Selenium  and  Telltirium  are  classed  along  with  sulphur  in  chemical  sys- 
tems, but  the  salts  of  telluric,  selenious  and  selenic  acid  induce  symptoms 
rusembliug  those  of  the  heavy  metals  and  arsenic  in  many  points,  and  may 
bd  inserted  in  this  series.  In  the  frog  the  symptoms  are  those  of  central 
nervous  paralysis,  and  later  of  heart  failure.  In  mammals  vomiting,  purg- 
ing, somnolence,  dyspnoea,  tonic  and  clonic  convulsions  have  been  noted, 
and  the  stomach  is  found  somewhat  reddened,  the  mucous  membrane  of  the 
intestine  swollen  and  dysenteric,  while  the  kidneys  seem  less  affected.  The 
perspiration  is  prevented  by  tellurates,  apparently  from  a  paralysis  of  the 
termlaations  of  the  secretory  nerves  similar  to  that  induced  by  atropine. 
A.n  early  symptom  of  poisoning  with  these  bodies  is  a  garlic  odor  in  the 
breath,  and  many  of  the  organs  are  found  of  a  grayish  color  after  death,  and 
possess  this  odor.  Hofmeister  has  shown  that  these  salts  are  reduced  to 
metallic  selenium  and  tellurium  in  the  body,  and  that  afterwards  methyl 
compounds  (Te(CH,),,  Se(CBJ,)  are  formed.  These  are  volatile,  and,  ex- 
creted by  the  lungs,  urine  and  fseces,  give  the  disagreeable  odor.  The  syn- 
thesis of  methyl-tellurium  is  one  of  the  few  known  cases  in  which  a  com- 
pound with  methyl  is  formed  in  the  animal  body,  and  is  of  great  biological 
importance.  All  the  selenium  and  tellurium  is  not  excreted  in  this  form,  for 
some  of  it  appears  in  the  urine,  and  probably  in  the  fsaces,  in  other  combina* 
tions. 

Tellurates  have  been  advised  in  therapeutics  to  prevent  excessive  sweat- 
ing, and  certainly  have  this  effect,  but  are  not  to  be  recommended,  as  the 
strong  garlic  odor  of  the  breath  per&ists  for  days  or  even  weeks  after  one 
dose. 

Osmic  Acid  has  been  recommended  as  an  injection  into  the  nerves  in 
neui^lgia.  It  is  an  intensely  irritant  substance,  and  seems  to  induce  ne- 
phritis and  diarrhoea  when  absorbed.  The  greater  part  of  the  poison  is,  how- 
ever, deposited  as  a  black  powder  at  the  point  of  ii^ection,  owing  to  its 
being  reduced  by  the  tissues. 
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PARTY. 

FERMENTS,  SECRETIONS  AND  TOXALBUMINS. 

I.    DIGESTIVE  FERMENTS. 

A  NUMBER  of  digestive  ferments  liave  becu  introduced  into  tliera- 
peutic8  for  the  treatment  of  gastric  and  intestinal  disorders.  The 
earlier  members  of  tlie  series  were  proteolytic,  fermenta,  intended  to 
reinforce  the  pepsin  of  the  stomach,  but  of  recent  years  the  amylolytio 
ferments  have  also  been  strongly  advocated. 

Pepsin. 

The  pharmacopoeia]  pre|)ttrations  of  pepsin  are  generally  obtained 
from  the  pig's  stomach.  Their  origin  is  not  a  matter  of  intliflerence, 
for  it  has  been  recently  shown  that  jK^psius  obtained  from  dit)*ereut 
ajwcied  of  animals  differ  considerably  iu  their  behavior  towards  vari- 
ous acids.  Pepsin  digests  only  in  aci<i  solution^  the  best  results  being 
obtaioe<l  in  a  dilution  of  0.2  per  cent,  of  hydrochloric  acid.  (Sec  Acids, 
page  561.)  In  alkaline  soUuioa  it  is  inert,  and  in  fact  is  rapidly  de- 
oomposed,  so  that  when  pepsin  antl  alkaline  carbonates  or  bicarbonates 
arti  prescribed  together,  the  effects  are  due  to  the  alkalies  only. 

Pepsin  is  used  in  therapeutics  on  the  theory  that  the  stomach  does 
not  secrete  enough  of  the  ferment  in  certain  conditions.  But  it  may 
be  questioned  whether  this  is  true  in  even  a  small  proportion  of  the 
oases  treated  with  |>epsin,  for  the  gastric  juice  is  almost  always  callable 
of  digesting  proteids  if  it  is  acid  in  reaction.  In  a  nuralxT  of  forms 
of  dyspepsia  the  UL-id  secretion  is  iusutficieut,  but  the  ferment  is  almoet 
always  present  iu  quantity,  fiir  it  digests  prc^teids  outside  the  botly  as 
soon  as  it  is  acidulated.  Pepeiu  is  indicated  then  only  in  llie  rare 
in  which  the  contents  of  the  stomach  acidulated  with  hydro- 
done  acid  fail  to  digest  proteids.  It  is  very  often  ndiuiniHtored  in 
other  forms  of  dyspi'pj^ia,  and  certainly  does  no  harm,  but  there  Ls  n<i 
question  that  it  is  entirely  unnecessar)'  in  the  great  majority  of  the 
coses  ID  which  it  is  prescribed. 

Preparations, 

Pejmnum  (U.  S.  P.,  B.  P.),  a  proteolytic  ferment  ohtnined  from  the  glan- 
dnUr  layer  of  fresh  fltomachs  fVom  healthy  pigs,  und  <ii|>iil>le  of  <ngestmg 
not  loas  tlinii  3,000  liinos  its  own  wri^^la  of  freslily  cuiigiiliUoil  i'j;k  albu- 
min.*    It  is  ft  fine,  wkitA.-,   amorpbuus  powder  or  thin   sculen.   free   from 

*Tbc  B.  I*,  prrpunitiun  may  lie  obtainiHl  FraiD  the  pig.  a)iL*vp  or  caU  and  is  reouirad 
Ui  digMl  2,500  Unu»  iU  weight  of  hurd-lioiletl  while  of  i^. 
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offensive  odor  atul  having  a  mildly  acid  or  saline  taste,  usually  followec=^^ 
a  suggoittion  of  bitterness.  It  is  8oluble  in  almut  100  parts  of  wau^r,  b  g 
more  soluble  if  tfae  water  is  acidulated.  O.d-0.6  O.  (5-10  grs.),  in  poA^^wi 
or  in  solution  in  0.2  jter  cent,  hydrochloric  acid. 

Fepaiu  is  gencrully  given  during  or  after  meals.     Ah  has  been  stated^^    f{ 
very  rarely  Indicated,  as  the  gastric  juice  almost  always  contains  suiB< 
fermrnt. 

(ihfccriniiin  Peptini  (B.   P.)   contains  hydrochloric  acid.      A  fluid   Ar^smchi^ 
rc|iri'»t'nts  5  gr:*.  of  i)ept>in.     1-2  fl.  iir«. 

Many  other  preparations  of  pepsin  are  used  in  ]>opuInr  medicine,  to  ch  ^ 
extent  by  the  profession.  Pepsin  wines,  for  example,  are  ofU-n  takc/i  ^s 
tunics  and  dlgewtivus,  but  the  wine  is  probably  of  great*T  eflica<.*y  than  i^^ 
fcnnent.  In  these  i»epsin  wines  the  ferment  is  not  destroyed,  howev<>r,  m  i* 
som(ftiniCj«  stated,  for  pei».sin  is  able  to  digest  proteJds  in  much  6trougeraic£^ 
holic  solutions  thau  they  represent. 

Pancreatic  Fermenta. 

The  pancreatic  ferments  have  also  been  introduced  into  therapeiuica, 

gtrtu'rally  tiL  the  furiit  of  an  extract  of  tlie  gland,  pftncratthi.  Thcsnj 
ferments  diHl'r  fr*tm  pepsin  in  acting  only  in  alkaline  or  neutral  st-ilu- 
tion,  and  besides  digesting  proteids,  form  sugar  from  starch  and  sa- 
jjouify  and  emulsify  fatn.  The  pancreatic  ferments  are  rendered  inurt 
by  a  ojmpiinUively  short  exposure  to  the  acid  gastric  juice. 

The  value  of  pancrcatin  is  even  more  problematical  than  that  of 
IK'psin,  for  thaugli  it  would  no  doubt  l)c  valuable  where  the  digestive 
fermentSj  particularly  those  of  the  pancreas,  were  deficient,  this  has 
uot  beeti  shown  to  owiur.  On  the  other  hand,  the  pancreatic  ferments 
arc  certainly  dcstroycK:!  in  passing  through  the  stomach.  It  has  been 
suggested,  however,  that  they  may  art  in  the  stomach,  if  they  are 
given  Iwfore  or  with  the  f(x>d,  as  the  acid  gastric  juice  iy  only  secreted 
slowly,  and  some  time  must  elapse  before  the  pancreatin  is  rendered 
inert.  In  cases  in  whi<'h  there  is  a  deficiency  in  the  acid  of  the  gas- 
trio  juice,  the  paucreutiit  might  conceivably  act  throughout  the  stay  of 
the  Ibod  in  the  stomach.  Attempts  have  been  made  to  preserve  tlie 
pancreatin  from  the  deleterious  effects  of  the  gastric  juice  by  adminis- 
tering it  in  capsules  which  are  dissolved  only  in  the  intestine.  It  is 
certainly  j>os.sU)le  that  the  pancreatin  may  be  useful  in  certain  cases, 
whtTc  the  ferments  of  the  j>ancrea.s  are  absent  and  the  acid  of  llie 
stoniaeli  so  dclicient  as  not  to  be  destructive,  but  there  is  no  reason  to 
suppose  that  this  series  of  accidents  occurs  at  all  frequently,  and  it  ia 
impossible  to  diagnose  inefficieucy  of  the  pancreatic  secretion. 

Preparations, 

Panrrcatimtm  (U.  S.  P.),  a  mixture  of  the  enzymes  naturally  existing  in 
the  pancreai*  of  warm-blooded  animals,  usually  obtained  from  the  fresh  pan- 
creas of  the  pig.  It  forms  a  yellowiHh,  yellowish-white,  or  gmyieh,  amor* 
pilous  powder,  having  u  fuiut,  not  diisaj^ceable  odor  and  a  meat-like  tust«, 
and  is  slowly  soluble  in  water,  0.1-0.3  0.  (2-f)  gra.),  in  powder  or  in  cap- 
sules. KHriitiii  c^psnleK  havo  been  proposed  in  order  to  protect  the  pancro* 
atia  from  the  gastric  juice, 

Liijuor  raiicrtiitis  (B.   P,},    a   liijuiU    (ireparation   containing  the  digeetire 
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priuoiplca  of  the  fresh  pancreas  of  tho  pig.  The  inepttratiou  is  most  ticlivo 
nrhtiii  tho  atiiuml  from  wliieU  it  hus  boeu  ohtuinoii  hu8  beeu  fed  shortly  be- 
fore being  killed.  Two  cubic  centimetres  of  tho  solution  ought  to  digest 
SOc.c.  of  milk. 

Buiixur's  Liquor  Paucreaticus  is  a  solutiou  of  the  pancreatic  ferments 
made  up  with  some  alcohol. 

Id  connection  with  the  digeHtive  ferments  may  he  mentioned  ingluvin^  an 
extrofit  uf  thu  fowTa  gizzard,  which  was  a  few  years  ago  highly  recom- 
mcudcd  aa  a  remedy  in  the  aickncajs  of  preguancy,  but  has  proved  entirely 
valueless. 

Vegetable  Ferments. 

Beeidea  these  auimal  dtj^cstive  furmentd,  a  number  of  vegetable  proteolytic 
enzymes  are  known,  and  have  enjoyed  a  more  or  left»  shortlivetl  popularity. 
Probably  many  more  plant  juices  are  able  to  digest  protcids  than  arc  at 
prusuut  generally  recognized  ;  thus  many  of  the  bacteria  liquefy  gcUttin  and 
albumin,  and  the  insectivorous  plants  such  as  Droscra  (sundew)  and  Dionea 
secrete  a  digestive  fluid,  figs,  pineapple.-*  {brotnelin),  the  scarlet  pimpernal 
(Aniigikllisarvensis),  and  mtuiy  others  uf  the  higher  plants  have  been  shown 
to  ])o-»8es.s  these  ferments,  bnt  the  best  known  of  these  is  the  Carica  papaya, 
or  imwpaw,  which  coiiUuns  a  digestive  ferment  known  its  papain,  papayuthi 
or  papoid.  This  ferment  acts  in  neutral,  moderately  acid,  or  alkaline  solu- 
tion at  tho  temperature  of  the  ht>dy  and  in  tho  cold.  When  swallowed  it 
has  no  etfect  except  its  digestive  action,  but  injiK^ted  into  the  blood,  it  is 
said  to  paralyze  the  heart  and  central  nervous  system,  and  to  cause  hicmor- 
rtiages  into  the  intestine  ;  it  is  very  irritant  in  the  subcutaneous  tissues, 
causing  pain  and  high  fever.  It  has  been  used  in.'*leaJ  of  pancrcatin  and 
pepsin  iu  disoi-ders  of  the  digestion,  and  also  lis  an  autht'liuintic.  Uiphtho- 
ritic  membranes  have  been  treated  by  the  frequent  application  of  pa]>ain 
solution  (once  an  hour  by  some  of  its  advocates,  more  frequently  by  olhei-s), 
and  apparently  with  success  as  for  as  the  removal  of  the  membrane  wua 
conccrued  ;  tho  underlying  disease  was  not  favorably  lullueuced,  however, 
and  the  treatment  luis  been  abandoned.  Papain  solution  has  also  been  in* 
jected  by  the  hypodermic  needle  into  tumors  and  abscesses,  with  the  intention 
of  digesting  the  new  growth,  or  accelerating  the  progress  of  the  altwcss 
towards  the  surface,  but  the  results  obtainct^l  do  not  encourage  the  further 
use  of  the  remedy  in  this  way.  Peptones  are  unquestionably  formed  iu  the 
tumors  when  papain  is  injected. 

Several  milk-curdling  ferments  have  been  found  in  plants,  but  none  of 
them  have  been  used  in  therapeutics. 


Diastase. 

Several  amylolytic  or  siigar-forminj^  ffTiucnts  liave  beea  used  more 
or  less  in  thcnipeutics,  the  first  of  tlu^sc  Uiitig  thu  diaMfnnf  or  enzyuieof 
mafty  which  is  known  under  the  names  oi'  malt  extract,  nmltzyrne, 
maltine,  etc.  When  grain  is  allowed  to  germinate,  \is  starch  is  formed 
iuU>  a  soluble  form  (sujr^r)  by  means  of  a  ferment  known  a.s  dia.'*tjise, 
and  it  was  supj)Osed  that  this  diastase  might  aid  the  digestion  of  btiircliy 
foods  in  the  body.  When  malt  extract  is  formed  at  a  low  temperature, 
it  unquestionably  <x)ntains  diaHta.se  and  is  capable  of  digesting  starch, 
but  many  of  the  extracts  on  the  market  are  quite  inert,  the  ferment 
having  been  dcstroye<i  by  heat.  Those  extracts  arc  therefore  devoid 
of  digestive  power,  but  form  a  pknLsanl,  easily  digested  fo(jd.  They 
often  contain  alcohol,  and  are  then  indistinguisimble  from  beer  or  stout. 
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More  recently,  some  other  sugar-forming  fprmeots  liove  been  bnmght 
forward,  notably  that  obtained   from  EurutJuni  orysw,  a  mould  of  ilw 
ah|K*rgillu«  family.     This  enzyme  is  known  as  Uika-<lUiMoite  from  the 
name  of  its  discoverer,  Takamine,  and  is  verj*  much  more  |»ower{ul 
than  any  of  the  malt  extracts,  as  it  digests  over  one  hundred  tinier  itft 
weight  of  stanch.     Taku-diastase  has  been  recommended   in  c:).si«  in 
which  there  is  supposed  to  be  a  deficient  digestion  of  starcli.     It  ccans 
to  act  in  the  gastric  juioe  as  soon  as  the  acidity  exceeds  0.1   per  ctnu 
but  may  be  able  to  digest  a  certain  amount  of  starcli  iu  the  mouth  and 
stomach  before  it  is  destroyed.     The  question  at  once  arises,  however, 
whether  the  ordinar)*  digestive  juices  are  ever  unable  to  digest  tlie 
starch  of  the  ftMxl,     And  although  a  new  term,  "  amylaceous  dysipep- 
sia,"  has  been  introduced  to  indicate  this  class  of  cases,  if  they  >houW 
be  found  to  exist,  it  must  be  admitted  that  no  satisfactory  evident^  of 
their  existence  has  lieen  brought  for>vard  as  yet.     Il  is  stated  ihat 
more  ntarch  is  found  to  be  digested  in  the  stomach  after  the  adminiMra- 
tion  of  diastase,  but  this  seems  to  be  l)eside   the  point,  for  it  merely 
indicates  that  less  starch  readies  the  intestine  for  the  pancreatic  juice 
to  act  upon.     Until  it  is  shown  that  in  some  cases  the  digt^tion  of 
starch  by  the  intestinal  fermentx  is  insufficiently  performe<l,  the  diastiiM 
preparations  would  seem  to  be  su|)erfluous.     According  lo  Fricdenwalt), 
diastase  increases  the  digestion  of  starch  in  the  stomach  chiefly  in  ca.'^es 
of  hy|K'racidity,  but  doubt  is  thrown  on  this  statement  by  other  in- 
vestigators. 
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n.     BILE. 

The  bile  is  very  seldom  used  hi  therapeutics  at  the  present  day,  al- 
though it  was  formerly  credite<l  with  great  healing  virtues.  It  has 
a  hitter  taste,  and  may  have  some  effect  like  tlie  vegetable  bitters,  but 
hai^  no  advantage  over  these,  and  is  not  likely  to  be  used  to  promote 
the  appetite  now,  allhoiigh  it  Avas  formerly  used  as  a  stomachic.  The 
bile  is  foiiiid  to  precipilatt^  the  peptones  iu  teBt-tul>e  ex{H*riments,  but 
docs  not  appear  to  retard  digestion  in  the  stomach  materially,  judging 
from  cxpcrimcntH  carried  out  iu  a  case  of  gastric  fiptula.  In  the  intes- 
tine it  is  generally  believed  to  act  as  an  antiseptic,  chiefly  because  tht 
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itools  have  a  strong  putrefactive  odor  in  cases  of  retention  of  bile. 
Liimbourg  liaA  also  8hn^vn  that  the  addition  of  bile  to  proteid  solutions 
delays  their  de(V)tnpositiuu,  while  there  is  Home  evidence  that  it  pnmiotea 
pancreatic  digestion.     It  has  some  purgative  action,  a.s  is  sh<iwn  by  the 
ol)stinnte  a^nstipation  wfiicU  often  occurs  when  it  is  pn^vented  fnim 
reaching  the  intestine;  aceurdiug  to  Stadelmann,  the  bile  acids  irritate 
the  muooua  membrane  of  the  large  bowel  and  thus  induce  purgation. 
An  obHcure  relation  exisbi  between  the  drastic  purgatives  and  the  bile 
ia  the  intestine,   several  of  them  failing  to  act  in  its   absence.     (See 
H  ]xige  96.)     Bile  increases  the  activity  of  the  fut'-splitting  ferment  of  the 
■  j»anereaH  autl  thu-s  augments  the  absorption  of  fats.     Most  nf  the  bile 
given  by  the  month  is  abs<irbed  in  the  stomach  and  small  intestine  and 
carried  to  the  liver,  which  excretes  it  again,  while  a  small  quantity  of  the 
bile  acids  estaptwi  in  the  urine.     In  the  liver  it  increases  the  secretion 
of  both  the  fluid  and  the  solids  of  the  bile;  in  fact,  the  bile  is  the  <mly 
reliable  cholagogue  known.     The  constituent  which  acts  on  the  secre- 
tory liver  cells  seems  to  be  the  bile  acids,  and  their  increase  is  greater 
tthan  can  be  accounte*!  for  merely  by  the  excretion  of  that  admtni.stercd, 
BO  that  it  WfHihl  stx^m  that  they  exercise  some  speciiic  stimnlant  action  on 
the  secretory  cells.      The  bile  pigment  is  also  augmented  when  bile 
acids  are  absorbed,  owing  to  the  destnjction  of  the  rtnl  cells  of  the 
blood,  as  the  liberated  hiemoglobin  is  carried  to  the  liver  and  there 

(formed  into  bile  pigment. 
Bile  given  by  the  month  does  not  cause  any  symptoms  except  those 
from  the  intestine  and  liver.  When  it  is  injected  into  the  bl<HHl,  how- 
ever, it  depresses  the  central  nervous  system  and  the  heart  muHcle  from 
its  direct  action  on  these  organs,  and  dec^miposes  the*  red  cells  of  the 
blood.     Muscles  and  nerves  suspended  in  a  solution  of  bile  salts  rapidly 

»li>se  their  irritability,  and  some  unicellular  organisms  are  killed  and 
dissolved  by  them.  The  poisonous  constituent  of  the  bile  seems  to  be 
the  salts  of  the  bile  acids,  but  several  authors  have  stated  that  the 
pigment  is  also  active. 

IFraser  has  recently  discovered  that  the  bile  has  considerable  virtue 
as  an  antitoxin.  Thus  the  bile  of  the  venomous  snake  acts  as  an 
antidote  to  their  jwiison,  and  the  bile  of  other  animals  has  also  some 
effect  in  thLs  direction.  This  antitoxic  action  is  ajiparcntly  due  to  the 
pre^sence  in  the  bile  of  L^lmlesterin,  whi(;h  forms  a  hmHe  vouiUiniition  or 
solution  with  the  toxins  and  retards  their  absorption  into  the  et'lls. 
It  is  much  more  efficient  when  it  is  mixed  with  the  |»i&on  before  itfl 
application,  than  when  it  is  injected  after  the  bite.     Frazer  adds  that 

*thc  bile  is  also  an  antitoxin  to  other  poisons,  including  those  pro*hiced 
by  tJie  pathogenic  microl»es.  Others  have  founil  that  the  bib;  of  ani- 
mals dying  of  an  infectious  disease  (rinderpest)  |>os8esscs  some  curative 
^  properties  in  other  animals  sulfering  from  the  same  malmly,  this  l^eing 
B  explained  by  the  excretion  of  the  antitoxin  in  the  bile. 
I  Bile  has  been  used  as  a  purgative,  and  it  has  been  particuliirly 
f  reooraraendetl  Iti  the  form  of  an  enema.  It  does  not  s<*em  to  be  reli- 
able, however,  and  presents  no  advantages  over  soaps  and  similar  sub- 
stances. 
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As  a  cholagogue  it  is  without  rival,  but  no  condition  is  known 
which  an  increase  of  the  bile  secretion  is  indicated,  for  though  it  has  be^'*^''^ 
proposed  to  expel  gall-stones  by  raising  the  pressure  in  the  gall-ducts  bt^^ 
cholagogues,  it  is  found  that  when  the  pressure  is  only  slightly  iar*-  * 
creased,  the  secretion  is  arrested.  It  is  inconceivable  that  the  smalfc-^ 
rise  in  pressure  could  force  out  an  impacted  gall-stone. 

Bile  might  be  used  to  aid  the  absorption  of  fats,  particularly  wheic^* 
it  is  deficient  in  the  bowel ;  in  a  case  of  biliary  fistula  Joslin  found  thai 
much  less  fat  and  nitrogenous  food  escaped  in  the  stools  when  the^ 
patient  was  treated  with  bile  pills,  than  when  no  treatment  was  adopted. 

Preparations. 

Fel  Boms  (XT.  S.  P.),  ox  gall,  the  fresh  bile  of  the  ox. 

Fel  B<m8  Purificaium  (U.  8.  P.),  Fel  Bovinum  Purificalum  (B.  P.),  is  formed 
from  the  firesb  bile  by  the  addition  of  alcohol,  filtration  and  evaporation  to 
pillular  consistency.  The  alcohol  is  added  to  remove  the  mucus  of  the  bile. 
The  pigments  may  be  removed  by  filtering  the  watery  solution  through  ani- 
mal charcoal. 

Bile  is  always  prescribed  in  the  form  of  pills  made  from  the  purified  prep- 
aration.    O.a-1  G.  (5-15  gTB.). 
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m.    INTERNAL  SECRETIONS. 

Until  very  recently  the  only  animal  secretions  reoognised  in  thera- 
peutics were  the  digestive  ferments,  the  bile,  and  a  few  rarely  used  sub- 
stances, such  as  musk.  But  within  the  last  few  years  it  has  been 
shown  that  certain  glands  supply  the  blood  constantiy  with  substances 
which  are  necessary  to  the  economy,  and  a  deficiency  in  which  leads  to 
the  gravest  symptoms.  The  subject  of  internal  secretion  is  still  in  its 
infjincy,  but  therapeutics  has  already  been  enriched  with  at  least  two 
additions  of  unquestioned  value,  and  may  profit  still  more  by  the  fur- 
ther exploration  of  this  field.  The  chief  object  of  "  organotherapen- 
tics,"  or  the  treatment  of  disease  with  extracts  of  the  glands  of  the 
body  (animal  extracts),  has  been  to  supply  a  deficiency  of  the  normal 
secretion.  At  the  same  time,  it  is  possible  that  a  wider  field  of  useful- 
ness may  be  developed,  for  there  is  no  reason  why  these  animal  extracts 
should  not  have  a  true  pharmacological  action,  as  well  as  the  vegetable 
extracts.  Advance  in  organotherapcutics  is  not,  however,  to  be  ex- 
pected from  the  indiscriminate  use  of  the  gland  extracts  in  every  sort 
of  disease,  such  as  is  too  popular  at  present.  Such  progress  as  has 
been  made  hitherto  in  this  field  has  been  due  to  careful  observation 
nd  experiment,  and  not  to  haphazard  use  of  the  hypodermic  syringe. 
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Thyroid  Gland. 

The  treatment  of  certain  diseases  hy  the  administration  of  thyroid 
gland  aud  itn  extracts  is  one  of  the  most  satisfactory  examples  of  ra- 
tional therapeutic  progress,  and  the  steps  which  led  to  its  adoption  may 
therefore  l>e  brierty  mentioned.  In  1882— li,  Koeher  and  Revenlin 
published  observations  made  on  patients  whose  thyroids  had  l>een  totally 
extirpated,  and  who  had  subsequently  presented  a  series  of  symptoms 
to  which  these  observers  gave  the  name  of  cachexia  thyreopriva.  They 
pointed  out  that  this  condition  resembled  in  many  of  it8  features 
myxicdema,  a  disease  discovered  by  Gull  some  years  before  and  asso- 
ciate*! with  atrophy  of  the  thyroid  gland.  These  observations  were 
coufirmt^d  by  a  number  of  authors,  who  removed  the  tijyroids  from 
animals,  and  found  a  cachexia  appear  in  them.  The  next  advance 
was  the  discovery  that  these  symptoms  in  animals  could  be  remove<l, 
or  at  any  rate  ameliorated,  by  grafting  pieces  of  thyroid  in  the  (Kritoneal 
cavity  or  subcutaneous  tissue.  Ilorsley  suggestc^d  that  niyxanlema 
should  1)6  treated!  in  the  same  way,  and  Murray  noon  afterwards  intro- 
duced the  treatment  of  this  disease  by  the  subcutaneous  injection  of 
thyroid  juice.  Even  in  his  first  case,  the  results  were  eminently  satis- 
factory, but  it  was  pooa  found  that  the  same  results  could  lie  obtained 
by  administration  by  the  stomach,  and  a  large  nural>er  of  cases  have 
now  been  reeonled  in  which  very  favorable  results,  or  even  the  complete 
di.Happearauce  of  the  symptoms  has  followed  tliis  medication.  These 
include  not  only  myxoedematous  ]>atients,  but  also  cases  in  which  the 
tliyroid  was  removed  by  surgical  operation,  or  where  its  disease  gave 
rise  to  symptoms.  That  the  favorable  results  arc  due  to  the  treats 
ment  is  proved  conclusively  by  the  return  of  the  symptoms  when  it  is 
abandoned. 

The  effect  of  the  thyroid  extract  could  be  explained  only  by  the 
presence  of  some  unknown  principle,  for  the  prepanitinn  of  i-ourse  cou- 
taine<l  no  living  cell.s.  In  the  last-  few  ymrs,  rmuKTous  researches 
have  been  caiTiel  out  with  the  object  of  isolating  this  principle.'  It 
is  found  in  the  cuUold  i:onteuts  of  the  gland  follicles  in  the  form  of 
a  ghtbulin,  thifrcoglobnUn^  which  may  be  extracted  fn>m  the  colloid 
and  gives  the  ordinnnt'  prot-eid  reactions,  but  is  characterizisl  by  rou- 
tainiug  a  small  |>crc<iituge  of  iodine  ;  ^  Baunuuin's  dctectiuu  of  this  ele- 
ment in  the  thyroid  gland  was  the  first  intimation  that  it  cxiste<l  in  the 
tissues  of  the  higher  :ininmls  and  inan.  Thyreoglobulin  iw  not  com- 
pletely saturated  uitli  iwline,  for  it  forms  a  higlier  coriil>inutton  with  it 
in  the  test-tube,  but  then  htses  \\s  specific  :K'ticni  on  tht-  animal  org:in- 
ism.  When  it  is  subjected  to  artificial  digestion  it  forms  alliUnnB^isi 
and  an  insoluble  uon-proteid  substiuice  known  as  lodoOiynn^^  which 


'  No  attempt  ib  made  to  fnllnw  the  chronologii'ai  onter  of  (liew  rfMinrclics. 

'S<>metinie.'4  n  thyreaplohiilin  is  found  in  tbegtand,  wliich  rcsefiibles  the  normal  in  its 
renrliniiH,  hiii  i-nniiiiii.H  im  uhHik'  (OmwiiIiI). 

*  liMtoihyrin  wa."  at  tii>t  tmnieil  Thyrmn»lin,\3\i{.  tliin  was  liable  to  be  confused  htUIi 
thyreoiiliD,  a  temi  uiKil  to  iiiJicatv  I  lie  simple  extmet  of  the  glnmJ. 
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Cfintains  practioally  all  tho  iodine  of  tbe  ^land.  A  HJuiilar  twult  i<* 
obtainLHl  hy  acting  on  thyroid  glanil,  (!o]If>id,  or  thyn.i>gloluilin  wilh 
acidn.  lodothyrin  ih  readily  dissolved  iu  dilute  alkaline  golutionii  aiiil 
may  Iw  rcprecipitated  by  acids.  It  contains  more  iodine  tlian  lJivm>- 
globulin  of  (x>nrs<*,  but  the  exact  {KTcentage  is  still  a  disputed  [Mjint, 
for  while  Baumann  originally  statcti  that  it  contained  al>out  ten  pttr 
cent.,  others  have  found  it  as  low  as  four  j>er  cent.,  and  Oswald's  analy- 
sis gives  no  less  than  fourt*H?n  per  cent,  for  iodothyrin  obtained  hv  tiip 
action  of  acids,  and  about  five  per  cent,  for  that  formwl  by  digestion. 
Much  remains  to  be  done,  therefore,  before  the  composition  of  itnlo- 
thyrin  vaix  ha  definitely  settled,  but  it  is  certain  that  it  is  not  a  pnilfid 
and  that  it  is  rich  in  iodine  and  nitrogen,  while  sulphur  is  present  in 
smaller  amount,  and  phosphorus  is  not  contiiined  in  tlie  molecule. 

The  amount  of  iodothyrin  in  the  gland  varies  a  good  deaJ  in  <lt0Vr 
ent  animals,  an<]  in  different  indi\'iduals  of  tlie  same  species.  It  wait  at 
first  supj)ose<l  that  in  the  goitre  districts  the  percentage  of  iodotbyri 
in  the  gland  was  lower  than  in  healthy  areas,  and  that  in  cases 
goitre  the  percentage  was  smaller  than  in  normal  individuals,  but  ihi 
seems  to  be  incorrect,  nn  relation  existing  apparently  l»etween  the  amount 
of  itnline  in  thethyn>id  and  the  presence  of  endemic  gfjitre.  In  cliildftin 
less  iodine  is  found  iu  the  gland  than  in  adults,  and  aAer  middle  age 
it  lessens  again.  Meat  diet  diminishes  the  amount  of  iodine,  either 
because  it  makes  gnsater  demands  on  the  supply,  or  because  to<i  little 
iodine  is  ingested  in  the  fix>d.  Vegetable  foods,  especially  those  con- 
taining much  iofline,  sncli  as  l>eetroot  and  probably  the  marine  :de;a, 
increase  the  iixline  of  the  thyroid  gland.  Iodine  given  mcdicinallv 
also  augments  it,  and  not  only  iodine  itself,  but  various  combinati4>ns, 
such  as  iiKloform  and  imlides.  It  is  not  yet  determined  whether 
actually  more  iodothyrin  ts  formed  under  these  conditions,  or  whether 
that  alrL'udy  present  contiiins  more  iodine. 

A  unnibiu'  of  other  constituents  have  been  isolated  from  the  thyroid 
gland  in  a  condition  of  greater  or  less  purity,  some  of  them  proteids 
and  otliers  crystalline  non-proteid  l>o*lipfl ;  but  none  of  them  j>ossesjt 
the  Hpecific  action  of  tlie  glaml  extract  and  in  fact  none  of  tbem  have 
been  shown  to  induce  any  effect  at  all  except  those  which  it  mav  be 
flnp|Mised  containeil  iodothyrin.  On  the  other  hand,  tbyreoglubulia 
and  imlothyriii  induce  the  same  effects  as  tbe  extract  InHh  in  myxoe- 
donia  and  goitre  in  man  and  in  excision  of  the  thyroid  in  animals.  This 
ha.M  lH'<'n  dirfpnt(«l  until  recxintly,  owing  to  the  fact  that  in  many  cast's 
tile  pantthyroid  glands  have  Ik^u  removed  along  with  tJie  tlivroid  in 
animal  cx[>eriments.  Now  the  removal  of  the  parathyroids  in  dogs 
(on  which  the  ex[)eriinents  have  generally  been  pertormcil)  leads  to  a 
series  of  symptoms  arising  from  the  centnd  nervous  system,  and  tln?Be 
ai"e  not  ailW^te<i  by  thyroid  nioilication.  When  the  thyroid  almie  is 
removed,  the  syniptcmis  are  relieved  by  itidotliyrin,  thyreoglobu- 
lin, or  thyroid  extract.  Iodothyrin,  therefore,  repres<!nLs  the  whole 
therapenfic  virtues  of  thyroid  extract,  nlthongh  it  is  |M»ssible  that  the 
land  may  have  other  functions  than  ita  secretion.     I<Hlot]iyrin  awl 
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thyroid  extrarte  are  thus  Ui*ed  to  replace  the  Hccretion  of  the  thyroid 
glaml,  when  it  in  deficient  from  any  Ci\use.  The  function  of  the  tliy- 
niid  gland  Is  slill  very  obscure,  however,  althou^di  it  is  now  wrtain 
that  it  in  of  great  importanee  in  tlie  nie!abolisn»,  as  is  clearly  sliown  by 
the  disastrous  results  of  its  removal  or  atrophy.  The  results  of  the 
injection  of  tlie  thyroid  extract  have  also  thrown  much  light  on  the 
working  of  this  mysterious  organ. 

Action.  —The  thyroid  extracta  and  iodothyrin  seem  to  be  devoid  of 
effect  in  many  normal  animals  and  piitionts,  unless  when  given  in  enor- 
mous quantities.  In  others  they  cause  some  unpleai^ant  symptoms, 
which  occur  more  esj)eciany  in  myxrwlema  and  goitre.  These  symp- 
toms are  partly  subjective  and  indefinite,  such  as  headache,  wandering 
pains,  or  genenil  weakness,  while  others  are  evidently  due  to  circula- 
tory changes,  and  consist  of  a  feeling  <tf  fullness  and  ctmgestion  of  the 
head,  palpitation  of  the  heart,  and  acceleration,  sometimes  weakne^ts, 
of  the  pulse.  Tremors  in  the  arms  and  legs  jx)int  to  changes  in  the 
oentnd  nervous  syst<»ra,  while  loss  of  apjx'tite  and  diarrhoea  imlicate 
that  the  alimentary  canal  is  not  exempt  from  its  inHueuce.  Perspira- 
tion is  often  complaine<l  of,  especially  in  myxwdema,  and  a  rise  of 
temperature  also  occurs  not  infrecjuently. 

In  normal  animals  iodothyrin  injected  intravenously  in  large  quan- 
tities generally  aceelenites  the  heart  and  lowers  the  bloixl-pressure 
somewhat,  and  even  when  given  by  the  mouth  repeatedly  for  several 
days,  it  causes  some  acceleration.  This  acceleration  of  the  heart,  has 
been  attributed  by  some  investigators  to  stimulation  of  tlie  accelerator 
oeotro,  by  others  to  direct  action  on  the  heart  ;  it  does  not  seem  to  be 
due  to  any  changes  in  the  Inhibitory  appanitus. 

Loss  of  flesh  and  thirst  iiave  been  observed,  even  when  the  appetite 
ia  good  and  sufficient  food  and  water  arc  supplied.  The  urine  is  uni- 
formly incre:L»*ed  in  amount,  A  number  i»f  ctbservers  havo  found 
that  the  C4)ntiniied  administration  to  animals  of  thyroid  ])reparations  in 
large  jimoiint.**  leatln  to  diarrlwea,  muscular  weakness^  e.si)eciany  in  the 
hind  exlremitie.Sj  einuciatiuii,  gastrif-cnteriiis,  nephritis,  aiid  fatty  iK-gen- 
eration  of  various  organs.  In  otlicr  inslancvs  no  sueli  syni|>toms  liavc 
l><vn  elicit^!,  the  animals  remaining  |>erfectly  normal  aftei*  jirolonged 
treatment, 

Some  of  the  symptoms  induced  in  man  by  an  overdose  of  thyroid 
resemble  those  seen  in  exoplithalmic  goitre  or  Graves'  (Basedow's) 
disease,  and  exophthalmos  has  been  observed  in  monkeys  to  which 
large  amounts  of  thymid  were  given. 

As  may  be  gatlieretl  from  the  above,  great  discrepancies  occur  in  tlie 
accounts  of  the  eifects  of  tliyroid  on  normal  animals.  Thc^  acerlera- 
tion  of  the  heart  and  the  fall  »n  weight  seem  to  be  the  most  couimoD 
results. 

The  effects  of  thyroid  extract  on  the  Metabolism  have  been  ref>eat- 
edly  examined,  with  very  uniform  results.  <  )ne  of  the  most  striking 
features*  in  many  individuals  is  the  rapid  loss  of  weight,  which  often 
amounts  to  sovend   |>ounds  ]K*r  week.      Another  is  the  increase  in  the 
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amount  of  nitrogen  in  the  urine,  which  occurs  both  in  goitre  and 
myxoedema,  and  very  often  in  apparently  normal  persons.  More  ni- 
trogen is  excreted  in  the  urine  frequently  than  is  taken  in  the  food, 
that  is  to  say,  the  iodothyrin  leads  to  the  destruction  of  the  proteids  of 
the  tissues.  If  more  nitrogenous  food  be  given,  however,  this  may  be 
arrested,  and  in  fact  if  large  quantities  of  meat  be  taken,  less  nitrogen 
may  be  excreted  than  is  taken  in  the  food,  so  that  although  the  patient 
is  losing  in  weight,  he  may  be  actually  increasing  in  nitrogenoas  tis- 
sue. If,  on  the  other  hand,  a  patient  has  been  put  in  nitrogenous 
equilibrium,  and  then  under  iodothyrin  begins  to  excrete  more  nitro- 
gen than  he  ingests,  this  excessive  tissue  waste  is  not  stayed  by  in- 
creased carbohydrates  and  fats;  that  is,  the  carbohydrates  and  fats 
cannot  replace  nitrogenous  food  to  the  same  extent  as  in  normal  individ- 
uals. Iodothyrin  has  thus  a  specific  effect  in  increasing  the  waste  of 
the  proteids  of  the  body.  But  this  increased  waste  of  the  proteids 
only  accounts  for  about  one-sixth  of  the  loss  of  weight,  the  other  five- 
sixths  being  evidently  due  to  the  more  rapid  oxidation  of  &t8  and  the 
removal  of  fluid  from  the  body.*  The  more  rapid  oxidation  is  further 
evidenced  by  the  increased  amount  of  oxygen  absorbed  and  of  carbonic 
acid  exhaled  by  the  lungs  in  cases  of  myxoedema  and  somedmes  in 
obesity  and  goitre  treated  with  the  extract  The  removal  of  fluid  from 
the  body,  perhaps  the  most  potent  factor  in  reducing  the  weight  in 
these  cases,  is  shown  by  diuresis,  which  occurs  in  myxoedema  especially, 
but  also  in  obesity.  This  diuresis  has  been  ascribed  to  some  specific 
action  on  the  kidney,  or  to  the  changes  in  the  circulation,  but  may  per- 
haps be  due  to  the  increased  excretion  of  urea  and  other  urinaiy  sub- 
stances. That  the  kidney  is  acted  on  in  some  cases  is  shown  by  the 
occasional  appearance  of  albumin  in  the  urine  of  patients  treated  with 
thyroid  preparations. 

The  phosphates  excreted  are  increased  in  the  same  ratio  as  the  nitro- 
gen, and  the  increase  is  obviously  due  to  the  same  cause,  augmented 
proteid  waste. 

In  some  cases  sugar  has  been  found  in  the  urine  after  thyroid  treat- 
ment, and  in  a  considerable  percentage  of  persons  it  seems  to  cause  a 
tendency  to  glycosuria,  as  is  shown  by  the  appearance  of  sugar  in  the 
urine  after  the  ingestion  of  large  quantities  of  sugar,  which  would 
normally  be  oxidized  in  the  tissues.  The  uric  acid  excretion  does  not 
seem  to  be  materially  affected  by  thyroid  treatment. 

After  iodothyrin  has  been  administered,  iodine  is  found  in  the  urine 
in  the  form  of  iodides,  so  that  the  iodothyrin  is  evidently  decomposed, 
at  any  rate  in  part,  in  the  body.  The  rest  of  the  iodine  is  taken  up 
by  the  thyroid  gland,  and  it  would  appear  probable  that  it  enters  into 

'  SchondorfT  Btates  that  in  nitrogenous  equilibrium  the  oxidation  of  the  fata  is  in- 
creased i>efore  the  proteids  of  the  body  are  attacked,  but  when  the  fat  deatniction  has 
reached  a  certain  point,  the  proteid  waste  is  also  increased.  The  early  auRmentation  (rf 
the  nitrogen  of  the  urine  does  not  indicate  an  acceleration  of  the  proteid  metabolism, 
but  is  due  to  the  removal  of  urea  and  other  products,  which  have  been  formed  in  the 
tissues  Ijefore  the  administration  of  the  remedy,  but  which  are  now  excreted  through 
the  increased  activity  of  the  kidneys. 
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it  in  the  form  of  iodothyrin,  and   that  no  preliminary  (leccunposition 
occurH  here. 


In  regard  to  their  reaction  to  thyroid  medicatioiij  individuals  vary  consid- 
erably, for  inauy  are  scarcely  affected  by  it  in  uuy  way,  and  this  is  particu- 
larly true  of  children,  while  others  lose  weight  mpidly,  and  under  larger 
doses  show  symptoms  of  poisoning  (thjToldism).  These  seem  to  be  more 
easily  elicited  in  goitre  and  myxredema  than  in  ordinary  oaftes.  On  the 
other  hand,  in  Gravels  dLsease  the  symptoms  are  generally  aggravated  by 
thyroid  treatment,  although  a  few  cast^  are  recorded  in  which  it  gave  relief. 
IVfany  authorities  therefore  believe  that  (Irave'a  disease  is  due  to  the  over- 
pruditetion  of  iodothyrin,  but  this  has  not  yet  been  proveil,  although  there 
)usidemble  support  for  the  theory. 


Fio.  51. 


Fio,   62. 


of  twrndio  cnUnifni.    f*lg.  Bl,  before  trestDient,  age  23  niomhi.  <" 
of  lliF  aUluiiieii  lii  lui'lim.     Klg.   5'i  Bfler  tn_-iittDfut  wUli  tbyniiJ  txt  i 
hti^t^li  iucbea,  drcuiufcrcuco  of  atMlouivu  1^  ioiihua.       (<)^t.KU. ) 


The  fact  that  'Hhyroidiam"  occurs  more  ft'c<iaently  in  myxcedematoua 
than  in  normal  persona  seems  difficult  of  explanation,  but  it  has  been  sug- 
gested that  the  symptoms  are  due  not  to  the  iodothyrin  itself,  but  to  the 
pro<iuct8  of  its  jictiou.  It  may  bo  suppased  that  in  myxcpdema  a  largo 
amount  of  some  subatanco  accumulates  in  the  tissues,  because  the  iorlothyriu 
is  not  present  in  sufficient  quantity  to  decompose  it,  and  that  when  the  thy- 
roid treatment  is  commenced,  the  body  is  flooded  with  the  products  of  de- 
composition and  the«e  give  rise  to  symptoms.  In  inn-mal  persons,  on  the 
other  hand,  there  is  no  such  iu-cumuhitiou,  and  iodothyrin  therefore  induces 
no  symptoms  until   it  is  given  in  such  qimntity  as  to  induce  intoxic4ilion  it- 
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M'lf.  In  fJrave'ft  (linease  the  iodothyrin  would,  of  course,  tend  to  aggravate 
the  HyinptomH,  if  these  are  due  to  ite  excessive  production.  Until  more  is 
leaniod  of  the  action  of  iodothyrin  and  of  the  cause  of  Gravels  disease,  how- 
ever, thene  explanations  are  mere  hypotheses,  and  they  need  not  be  entered 
u[H>ii  further  hero. 

Iodine,  ai4  haa  been  stated,  increases  the  iodothyrin  of  the  gland,  and  this 
perhaps  explains  the  beneficial  effects  formerly  seen  in  goitre  from  the  applica- 
tion of  iodine  internally  and  locally.  When  iodine  was  efficient  in  those 
cas«H.  and  any  considerable  diminution  of  the  gland  occurred,  it  was  often 
accompanied  by  symptoms  exactly  resembling  those  produced  by  large  doses 
of  iodothyrin.  Those  symptoms  were  caused  by  small  quantities  in  some 
patients,  while  much  larger  doses  had  no  such  effects  in  others — a  fiwt  which 
Kiive  rise  to  some  discussion  and  several  erroneous  theories.  Sometimes  the 
a<!Ut«  symptoms  passed  into  a  cachexia  of  very  long  standing.  The  quan- 
tity of  iodine  required  to  act  in  goitre  Is  much  greater  than  the  iodine  of  the 
iodothyrin  necessary,  and  this  shows  that  the  latter  acts  not  merely,  as  an 
Iodine  compound,  but  as  the  specific  substance  of  the  gland.  Various  iodine 
conqmunds,  such  as  iodaihumin  and  iodoapongin  (the  iodine  compound  of  the 
sponge)  have  been  shown  to  be  practically  inert  in  goitre.' 

Preparations. 

TllYHOIDEUM  SiCCUM  (B.  P.),  GLANDULE  THYEOIDE^  SiCC^  (U.  S.  P.), 
A  IMtwdcr  prepared  from  the  fresh  and  healthy  thyroid  gland  of  the  sheep.  It 
foriiiH  II  li^ht,  dull-brown  powder  with  a  faint,  meat-like  odor  and  taste,  free 
fn>iii  any  odor  of  putreseonue.  About  16  grs.  represent  an  entire  gland.  Dose, 
0.2-0.(1(1.  (3-10  grs.). 

LiijuoR  Thykoidei  (B.  p.),  a  liquid  prepared  from  the  fresh  and  healthy 
thyroid  gland  of  the  sheep,  and  containing  some  phenol.  A  pinkish,  turbid 
fluid,  euliroly  free  from  any  odor  of  putrescence.  It  ought  to  be  freshly  pre- 
paroil.     0  c.c.  (100  mins.)  represent  an  entire  thyroid  gland  (5-15  mins.). 

Thyroid  medication  may  be  carried  out  in  a  number  of  different  ways. 
The  old  method  of  ordering  the  raw  or  toasted  gland  to  be  taken  daily  may 
now  Im)  said  to  be  rendered  obsolete  by  more  elegant  prepat&tions,  such  as 
dried  thyroid  or  thyroid  extract  in  powder  form  or  in  pills  or  tablets,  or  the 
liipior.  These  ought  not  to  be  prescribed  in  large  quantities  as  they  are 
liahlo  U^  undergo  putreflEiction  unless  when  carefully  kept ;  iodothyrin  tablets 
have  also  Innm  introduced,  each  containing  0,001  G.  (^  gr.)  or  more  of  iodine. 
Tho  doso  should  be  small  at  first  («.  g.,  ^  gr.  of  the  dried  gland  or  2-3  mins. 
of  tho  litpior  every  evening  for  the  first  week  of  treatment)  and  should  be 
gnulually  iuoroasod,  until  improvement  sets  in  or  unpleasant  symptoms 
arist'. 

Therapeutic  XTses.  —  Iodothyrin  is  not  a  dangerous  remedy,  unless  in 
oi^rtaiu  discs.  In  myxoedema,  however,  it  should  be  used  with  care, 
osjHHMally  if  the  heart  is  seriously  affected,  as  the  cardiac  muscie  may 
lx>  unable  to  meet  the  requirements  of  the  accelerated  rhythm ;  several 
serious  av^s  and  one  or  two  fatalities  have  already  been  recorded  in 
thwo  conditions. 

Imlothyrin  is  useful  as  a  substitute  for  the  normal  gland  secretion 

1  In  this  aocount  of  the  Mtion  of  the  thyroid  extnct  and  its  constituents,  the  gen- 
«mlly  aiHvptetl  view  has  been  given,  namely,  that  the  thyrtad  gland  secretes  a  substance 
into  tho  bltHHl  which  is  necessary  to  the  normal  life  of  the  or«iniam.  It  roust  be  added 
that  Hlum  advocatos  the  theory  that  the  thyroid  gland  retains  its  colloid  substance  in 
its  interior  and  employs  it  to  destmy  a  poisonous  proteid  formed  in  the  ixnrae  of  metal>> 
olimi.  The  gnnmds  \or  this  view  seem  quite  inadequate,  however,  woA  the  reader  may 
be  ix'FcmH)  to  the  nunwrous  papers  of  Blum  on  the  subject. 
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ill  oast»  wlierv  the  latter  is  wanting  or  deficient,  as  in  niyxoHlt'iim, 
cachexia  thyreopriva,  gi>itre  and  s|K>radic  cretinism.  In  all  of  thcne 
tliy  metiicutioii  lias  to  be  continued  for  a  long  time,  iKrliaps  throiigli- 
out  life,  as  otherwise  the  patient  rclii|)se.s  into  hi.s  former  condition. 
The  decrease  in  weight  occurring  in  thyroid  medication  8Uggoslud  ita 
Ode  in  obesity,  and  it  has  l>ccn  followed  by  some  los8  of  weight  in  u 
certain  nnmi>er  of  ca.sc8,  ewpecially  when  accompanied  by  proper  die- 
tetic treatment.  In  many  instAOces  it  has  had  little  or  noelfect,  how- 
ever, and  tJie  initial  encouraging  action  is  seldom  maintained  when  the 
treatment  is  contin\ieii,  the  daily  Iohm  of  weight  gra<lually  Incoming 
smaller  until  it  ceases  altogether.  The  amount  of  fat  actually  de- 
stroyed seems  to  l>o  trifling,  Magnus-Levy  estimating  that  Hix>nt  one 
pound  disap|H.'ars  in  ton  days,  which  is  much  Icsh^  than  can  he  got  rid 
of  by  judicious  exercise  and  an  appropriate  dietary.  Besides  the 
oontiuued  uae  of  tliyroid  in  these  caries  \a  not  altogether  devoid  of 
danger. 

In  some  akin  diseases,  especially  in  psoriasis,  it  hnfl  been  of  benefit,  though 
not  hy  tiny  niean!*  iiivarlahlj',  and  in  Hypliilis  of  old  KtAndlag  soino  iinprovt— 
int'nt  hiuitbeon  si'cn.  This  iH  prolmbly  due  to  the  iixliiie  contuine<l,  and  nul 
to  the  specific  )i\wn\{  secretion.  At  the  same  time  the  |»wuliar  combination 
ill  which  the  iodine  in  present  may  perhaps  be  more  eiuiily  made  use  uf  by 
the  etujouniy  thnn  the  onliniiry  iuor^nic  proparationii. 

Thu  impruvemcnl  seen  in  the  bmin  symptoms  in  myxoedoma  and  cretin- 
IsiiL suggested  its  use  in  other  lueutul  diaeoscs,  but  the  action  in  the  former 
is  due  to  its  substitution  for  the  normal  secretion,  and  little  or  no  etToci  has 
followed  in  ordinary  cases  of  mental  disease. 

In  Unives*  disease  it  seems  generully  to  be  ir^urious.  A  curious  relation 
AppeAr»  to  exist  between  thyroid  and  the  thymus  ^lund,  for  the  admiuisLra- 
tiou  of  the  latter  is  oilcn  attended  by  some  relief  in  this  disease. 
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Other  Internal  Secretltsos. 

KxiTfkct  of  the  Suprarenal  or  Adrenal  Glands.  Sec  p.  46S. 
Tliu  (txlmrU  uf  the  Pituitary  Body  or  mther  of  ita  poiiiterior  lol>e  oroi- 
ruiHliliiihtr  Unly,  niUHe  huhk*  chaiigets  lu  the  cirt'ulation,  owing  to  lltelrcuD- 
tiiinin^  twi*  huIm«Liiikhw  which  have  been  termed  tiie  pressor  and  di-prtwnr 
liodieM.  The  nrteriul  teiitiiou  U  increased  by  the  extract  or  by  the  pnaeor 
licxly,  but  the  rbie  U  Hnmller  than  that  induced  by  suprarenal  eztimct. 
alth'tuKli  it  in  inainlnini'd  longor.  The  renal  veatelH  arc  not  contnu'tiil  mil 
mmw  dhiriMiN  <»cctin«.  The  heurl  it*  flowed,  partly  through  inhiWuinr 
lu-liori,  imrlly  fn»m  dircrt  action  on  the  niUHcIe.  The  deprest^>r  btNiy  okut^ 
«  trunHirtit  full  In  the  blotHl-preH-iure.  The  hypodermic  injection  of  large 
oiinrititir-i  oC  i\w  exlnu-t  in  folUtwf<i  by  pitrah>is  in  miuiiiiinl^.  Si'hiff 
found  that  extract  of  the  hypophy^tiH  ciiused  a  marked  Increaiic  in  lb« 
excretion  of  i>hofi|ihute»  in  u  cawe  of  acromegaly  and  in  u  healthy  old  niui, 
while  it  hull  no  cMi'ct  on  a  younger  individual ;  he  attributes  this  to  the  rx- 
tniel  tending  lo  inereaM'  the  dcatniction  of  the  bone  tissue.  AeromeRaly  is 
generally  reganle<l  oh  In-ing  connected  in  some  way  with  cli.seoAe  of  the  hy- 
pophy.Hi.H,  bill  ihi-  I'xtnict  does  not  Peem  to  modify  Iho  disorder  iu  most  wi«?, 
although  iniiirovt'inciit  hius  been  stated  to  occur  sometinoee. 

The  Thyuiua  Qland  has  been  found  to  eonUin  minute  quantiiiee  of  an 
iodine  ciMi))>MUiiil,  which  may  l>e  identical  with  that  of  the  thyroid.  Svehla 
foiuul  that  till'  injection  of  an  extrfti-t  into  the  veins  caused  con&iderable  8p- 
celcration  of  the  pulse  with  some  depression  of  the  blood -presBiiro.  Tho 
ac»'4'!eralhui  wiu*  found  to  be  due  to  direct  iwti on  on  the  heart,  the  iall  of  the 
blo«»d-prcti>»nre  to  ]mralvsis  of  tlie  viuso-cooHlrictora.  Very  large  quoutilin 
cuiihihI  nvHtlrfiwnciis,  t'ollupse  and  death.  Thymua  extract  hoe  be«n  advised 
In  exo]dithuluiic  goitre,  und  is  said  to  be  of  some  value  in  a  certain  number 
of  C4weH,  but  doi'9  nut  heuellt  most  |>aUonte. 

The  excision  of  the  Pancreas  in  animals  is  followed  by  the  appearance  of 
Nugiir  iu  large  quautity  iu  the  urine,  and  in  many  cases  of  diabetes  in  the 
huuiitn  iiuhjiM't  the  luincrejis  is  found  diseased,  so  that  tliis  gland  seems  (o 
H«NMvte  Mouu«  rtubrttance  which  is  required  by  the  tissues  to  enable  them  to 
nmintuiu  the  uoruiul  amount  of  sugar  in  the  blood.  Extract  of  pancnas  hfts 
theiffoii*  Ikh.«u  atlministerud  in  diulK>lcs,  but  as  yet  withoat  satialactory  te- 
sultN  in  the  ordinary  form  of  the  disease. 

Bone  Marrow  extract  and  Spleen  extract  have  been  given  in  pernicious 
anmmuk  in  onlrr  to  increase  the  number  of  the  red  cells,  and  many  other 
cYtnu^ts  o(  orf^kus  have  been  proposed,  often  on  the  most  extraocdiBuy 
grountis.  It  WHS  not  to  l»e  exi>ecte<i  that  these  extracts  of  brain^  heart,  liver, 
kidney,  prustat<'t  and  lung  would  prove  of  benefit  in  the  diseases  of  tlien 
Of^ana,  antl  e\i»eritMu*e  has  shown  that  they  may  without  exception  be  rel^ 
gat«d  to  the  rvnilms  of  quackery. 

t>tio  c\truot  dosi^rves  mentiou  on  account  of  the  attention  it  has  attracled, 
aud  the  \ullueuiH>  it  has  hud  on  the  theory  of  organothcTapeatics~-tb« 
lOMH  of  Uu<  Teaildaa.     The  uao  of  tcslicuiar  extract  was  first 
^  owD-^Muard  in  ISSy,  aa  having  a  seneral  tonic  efltei. 


OTH£R  INTEBNAL  SECRETIONS. 


719 


thia  concluflion  by  tUo  coiiwHoralion  th«l  the  sexual  power  is  diiniiiii^tied  in 
adviiaced  life  and  made  Ihe  twUl  Ht«p  from  this,  that  one  of  the  causes  of  the 
woes  of  old  a^e  lathe  diminution  of  the  internal  secretion  of  the  testes; 
this  elixir  of  youth  miglit,  however,  he  ohtiiined  by  extracting  the  orgunii  in 
various  ways.  It  U  surprising  how  widely  this  theory  has  been  accepted, 
and  with  what  zutil  all  sort-s  of  prepurutioiiH  of  the  testieles  and  ovaries,  in- 
ctudin}^  the  unaltered  human  semen,  have  been  used  in  therapeutics,  and,  It 
must  bo  added  in  justice  to  the  ot>servers,  in  expenments  upon  themselves. 
While  there  is  no  riue-stion  that  the  removal  of  these  organs  exen-jses  an  im- 
portant influence  on  a  number  of  organs  and  tissues,  there  are  no  stLflicient 
grounds  for  believing  that  the  testicular  extract  has  any  ellect  whatsoever 
except  through  hypnotic  suggestion.  Two  investigators  have  recently  ut- 
temptoil  to  demonstrate  the  increase  in  the  muscular  strength  by  means  of 
the  ergograph,  but  the  results  obtained  by  means  of  this  instrument  in  other 
investigations  have  proved  so  deceptive,  that  little  weight  is  to  he  laid  on 
their  results.  IjtxiNvy  and  Richter  state  that  extract  of  testicle  increiwes  the 
oxidation  in  the  tissues  of  male  castnited  animals,  but  not  in  normal  male 
animals  or  in  castratdl  females  ;  extract  of  ovary  {oophonn)  haa  a  similar 
elTect  on  the  castrated  female. 

t Instead  of  the  extract  of  testicle,  ttperminn^  an  alkaloid  found  in  the  testicle 
iefly,  Imt  also  in  a  number  of  other  organs,  has  been  proposed  liy  I'oehl, 
According  to  this  author,  it  is  an  imjKirtant  factor  in  the  oxidation  of  the 
tissues,  and  a  number  of  symptoms  of  disease  are  due  to  its  being  preeipi- 

tetc*l  in  the  form  of  the  phosphate  and  thiw  rendered  inactive,  this  being 
pMH-ially  liable  to  occur  whenever  the  alkalinity  of  the  blood  is  reduced  in 
any  way,  Poehl's  sjicrmine  has  therefore  been  advised  in  a  large  number 
of  diseases,  an<l  in  fact  is  considered  by  some  almost  a  panacea.  His  state- 
ments are  not  founded  on  any  satisfactory  experimentid  or  elininil  olwerva- 
Uons,  and  have  met  with  little  credence  from  exi)erienced  physicians.  Sper- 
mine was  at  one  time  supposed  to  be  identical  with  piperazine  but  this  ha& 
iroved  to  be  erroneous. 
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IV.    TOXALBUMINS. 

A  series  of  bodies,  whose  existence  has  only  been  recognized  in  the  last 
few  years,  but  whose  importance  in  medicine  is  ever  increasing,  is  that  of 
the  poisonous  proteids  or  toxalbumins.  The  idea  that  a  proteid  can  pro- 
duce dangerous  or  even  fatal  symptoms,  or  act  in  any  way  except  as  a  food, 
dates  only  from  1884,  but  many  of  the  animal  poisons  are  now  believed  to  be 
of  proteid  nature,  and  the  toxins  formed  by  the  micro-organisms  of  disease 
are  almost  certainly  of  the  same  general  class.  The  description  of  most 
of  these  must  be  relegated  to  the  text-books  on  bacteriology  and  pathology, 
but  some  toxalbumins  which  are  associated  with  drugs  in  daily  use  deserve 
short  mention. 

Bicln  is  an  intensely  poisonous  globulin  found  in  the  seeds  of  Bicinus 
communis  along  with  castor  oil,  which  does  not  itself  contain  this  principle, 
however.  Ricin  is  poisonous  in  doses  of  about  ^  milligram  {rhv  gT.)  per 
kilogram  body  weight  when  it  is  injected  into  the  blood,  .and  is  somewhat 
less  poisonous  when  applied  subcutaneously,  but  seldom  causes  any  ^mp- 
toms  when  swallowed,  as  it  is  apparently  destroyed  for  the  most  part  by  the 
digestive  ferments.  It  is  thus  among  the  most  powerful  of  the  v^etable 
poisons  when  it  is  injected  directly  into  the  blood.  Death  often  occurs  only 
several  days  after  the  injection  in  animals,  and  id  the  interval  no  symptoms 
make  their  appearance  except  some  loss  of  appetite,  and  towards  the  end, 
diarrhoea  and  vomiting.  Post-mortem,  the  bowel  is  found  inflamed  and 
congested  and  contains  ecchymoses ;  blood  is  found  in  the  serous  cavities,  and 
extravasations  may  occur  in  various  other  organs,  although  not  so  uniformly 
as  in  the  bowel.  Among  the  most  obvious  lesions  are  the  innumerable 
ecchymoses  in  the  great  omentum  and  the  swelling  of  the  abdominal 
lymph-glands,  which  generally  contain  numerous  small  hsemorrhages. 
Microscopical  examination  reveals  small  foci  of  necrosed  tissue  in  the 
liver,  spleen,  intestine,  stomach  and  other  organs.  Ricin  seems  to  be  ex- 
creted by  the  intestinal  epithelium,  which  may  explain  the  violence  of  its 
action  here,  although  it  acts  as  a  poison  in  many  other  tissues.  It  is  a 
powcrf\il  irritant,  inducing  inflammation  and  suppuration  when  it  is  injected 
subcutaneously,  or  is  appli^  to  the  conjunctiva.  On  the  other  hand  it  has 
little  or  no  irritant  action  on  the  mouth  and  throat,  and  is  digested  and 
rendered  harmless  in  the  stomach.  The  mucous  membrane  of  the  nose  is 
irritated  by  the  inhalation  of  the  powder  in  many  persons.  This  toxoglobu- 
lin  has  a  very  characteristic  action  on  the  blood.  When  a  drop  of  a  dilute 
solution  is  added  to  a  test-tube  of  deflbrinated  blood,  the  corpuscles  soon 
fall  to  the  bottom,  leaving  the  clear  serum  above,  and  the  blood  does  not  filter 
through  paper  any  longer,  the  corpuscles  all  remaining  on  the  filter,  the  serum 
passing  through  colorless.  This  is  due  to  the  agglutination  of  the  red  cells, 
which  are  formed  into  masses  and  thus  fail  to  pass  through  the  pores  of  the 
filter.  Fibrin  docs  not  seem  to  be  formed  in  the  process,  as  was  at  one  time 
supposed,  but  the  nature  of  the  cementing  substance  is  unknown.  Stillmark 
supposed  that  ricin  formed  these  masses  of  red  cells  in  the  blood  vessels,  and 
that  the  Bymptoms  were  due  to  the  emboli  resulting,  but  this  is  certainly  in- 
correct, for  the  blood  of  immune  animals  reacts  in  the  same  way,  yet  Uiese 
are  not  poisoned  by  many  times  the  usual  fatal  dose  of  ricin. 

Ehrlich  found  that  animals  rapidly  acquired  immunity  to  the  action  of 
rieiu,  if  they  received  for  some  time  small  non-toxic  doses.  From  this  dis- 
covery has  arisen  the  whole  of  serum -therapeutics,  which  plays  such  an  im- 
portiint  r61e  in  medicine  at  the  present  time.  By  gradually  increasing  the 
daily  amount  of  ricin,  rabbits  have  attained  an  immunity  of  5,000,  that  is, 
they  are  not  affected  by  5,000  times  as  much  ricin  as  would  have  killed 
them  had  no  preliminary  treatment  been  instituted.  This  immunity  ia  en- 
tirely dilFcrent  from  the  tolerance  acquired  for  morphine  and  other  drugs, 
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for  the  latter  is  due  to  the  celln  of  the  body  becoming  accustomed  t<»  heing 
'oonslaiitly  buthod  hi  u  fluid  contaiuin>;  Ihu  alkaloid.  The  same  tolerance 
fsacfiuired  by  variouH  marine  animals,  which  would  be  killed  if  Kuddeuly 
changed  to  fresh  water,  but  which  are  gradually  acclimatized,  if  thechau^c  i& 
made  more  gradually  by  adding  incrcjising  proportioDs  of  fresh  water  to 
the  sea  water  of  the  aquarium.  The  iiiimuuity  acquired  for  ricin  and  other 
toxalbumins  is,  on  the  contrary,  due  to  the  formation  in  the  b<»dy  of  a  sub- 
Btaaoe  which  antagonizes  the  original  poison,  and  which  is  known  tts  hd 
antitoxin,  in  this  cose  antiricin.  This  antagonistic  substance  circulates  in 
the  blood,  and  can  bo  withdrawn  from  the  immune  animal  and  iujected  into 
A  second,  which  then  acquires  a  certain  degree  of  immunity,  although  less 
than  that  of  the  llrst.  In  tolerance,  then,  the  tissues  become  indifferent  to 
the  poison;  in  immunity  they  form  an  antitoxin.  Antiricin  is  antnK'^nistic 
only  to  ricin  ;  it  docs  not  protect  an  animal  from  any  other  toxalbumin. 

Ricin  and  antiricin  are  not  used  in  therapeutics,  but  ricin  has  rciK-atcdly 
given  ritKj  lo  poiiKuiitig,  from  the  Ik'ums  being  taken  as  a  substitute  for  the 
oil.  Cattle  have  also  been  iK)iiH)nt'd  by  being  fed  on  the  refuse  of  castor  oil 
beans  after  the  oil  had  been  expressed. 

Another  vegetable  toxalbumin  which  resembles  ricin  very  closely  in  its 
efTectA  is  Ahrin,  which  is  obtained  from  the  seeds  of  Abrus  precatonus  or  je* 
quirity,  the  familiar  s<!arlct  and  black  beans,  which  are  often  formed  into 
necklaces.  Ahrin  contains  two  poisons,  a  globulin  and  an  atbumosc,  of 
which  the  former  is  the  more  powerful.  It  induces  the  same  symptoms 
as  ricin,  but  is  less  poisonous,  and  immunity  can  be  aoqitired  in  the  some 
way.  AnimalH  which  are  immune  to  ricin  are  not  more  resistant  to  the  ac- 
tion of  abriu  than  others,  because  the  two  poisons  form  different  antitoxins. 
Abrin  orjw|uirity  has  been  used  as  an  irritant  lo  the  eye  in  cases  of  granu- 
lar litis  ami  of  corneal  opacities.  It  causes  an  acute  inflammation  which 
improves  the  couflition  in  some  c-ases,  but  it  must  be  reganled  as  an  exceed* 
ingly  dangerous  remedy,  as  the  inflammation  is  entirely  beyond  the  control 
of  the  surgeons.  Tu  animals  the  eye  is  often  completely  destroyed  by  the 
application  of  abrin,  while  in  other  experiments  enough  of  the  drug  is  ab- 
iH>rlw?d  to  cjiuse  fatal  poisoning. 

Crotin  is  another  toxalbumin,  which  is  found  in  the  Croton  Tiglium,  but 
which  does  not  pass  into  croton  oil.  It  is  leas  poisonous  than  ricin  and  ab- 
rin, but  resembles  them  in  mmt  other  points,  except  that  it  dot^  not  cause 
agglutination  of  the  bliwwl  cells  of  certain  animals,  while  ricin  and  abrin 
have  this  cflcct  in  all  kiuds  of  bltKid  hitherto  examined.  Many  other  plants 
cnntjiin  toxalbumins,  but  none  of  them  have  aroused,  so  much  interest  as 
those  mentioned  above. 

Many  animals  produce  proteid  poiaona,  mich  as  the  snakes,  the  poisonous 
lizard.  Helodenna  suspectum  ((Jila  monster),  several  ami)hibia  and  fish,  and 
the  scorpions  and  spiders  (tarantula).  On  the  other  hand,  several  insect 
I>oisons  which  resemble  these  poisons  in  their  irritant  action  and  in  some 
other  points,  have  been  shown  not  to  be  proleids.  Au  antitoxin  fur  snake 
{Hiison  has  been  introduced  recently  under  Lliu  name  of  antivenin.  an<i  is 
found  in  the  bile  of  {Kiisouous  snakes  and  in  smaller  quantities  in  that  of 
other  animals.  These  animal  poisons  aqd  the  ba<'t-erial  poisons,  however, 
cui  be  treated  of  with  advantage  only  in  special  text-books. 
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V.    COD-LIVER    on.. 

Cod-liver  oil  has  been  long  used  by  tlie  fishermen  of  the  North  Sea 
as  a  remedy  in  children's  diseases,  and  was  introduced  into  medicine 
in  the  beginning  of  last  century,  but  became  generally  used  only  in 
the  last  fifty  years. 

It  is  obtained  from  the  liver  of  the  cod-fish  (Gradns  morrhua),  and 
probably  from  other  members  of  the  genus.  Formerly  the  livers  were 
left  to  decompose,  and  the  oil  set  free  by  the  breaking  up  of  the  cells 
was  collected.  It  had  a  most  disagreeable  odor  and  taste,  however, 
and  many  patients  could  not  be  induced  to  take  it,  while  those  who 
were  courageous  enough  to  swallow  it,  often  suffered  from  eructation 
and  diarrhoea  afterwards.  This  method  was  therefore  soon  replaced 
by  the  "  steam-process,"  in  which  the  oil  is  melted  out  of  the  fresh 
livers,  yielding  an  oil  of  much  lighter  color,  and  with  much  less  dis- 
agreeable smell  and  taste.  Quite  recently  a  new  process  has  been  intro- 
duced, by  which  the  oil  is  extracted  by  steam,  without  being  exposed 
to  the  air,  and  it  is  stated  that  oil  thus  obtained  is  less  disagreeable 
than  any  other. 

The  cod-liver  oils  used  in  therapeutics  differ  considerably  in  appear- 
ance and  in  composition,  the  older  preparations  being  brownish  in 
color,  and  having  a  strong  fishy  odor  and  a  somewhat  acrid,  disagree- 
able taste,  while  the  oil  prepared  by  the  more  recent  process  is  pale 
yellow  in  color,  and  has  much  less  odor  and  a  bland  taste. 

God-liver  oil  probably  contains  the  ordinary  constituents  of  an  ani- 
mal fat,  olein,  stearin  and  palmitin,  but  the  relative  proportion  in 
which  these  are  present  is  unknown.  Some  free  fatty  acid  is  gener- 
ally found  in  it,  the  darker  preparations  containing  some  4-7  per  cent., 
the  pale  yellow  oil  less  than  one  per  cent,  as  a  general  rule. 

Iodine  and  bromine  are  present  in  traces,  apparently  very  much  smaller 
in  amount  than  is  generally  believed.  The  usual  statement  is  that  0.0&- 
0.04  per  cent,  of  iodine  and  0.003-0.005  of  bromine  exists  in  the  oil,  but  some 
oils  have  been  found  to  contain  only  about  one-hundredth  of  this  amount  of 
iodine. 

Phosphorus  is  found  in  traces  in  some  oils,  in  an  organic  combination, 
not  in  the  free  state.  A  small  percentage  of  cholesterin  is  often,  not  invari- 
ably present,  and  bile  acids  and  pigments  have  been  said  to  occur,  but  this 
seems  incorrect.  A  number  of  bases  have  been  found  in  cod-liver  oil  by 
Uautier,  especially  in  the  darker  colored  varieties,  while  the  pale  yellow 
oil  contains  little  or  none.  These  bases  or  alkaloids  (leucomaines)  are 
Butylamine  (C.HjjN),  AmylamiTie  (C^H^N),  Hexylamine  (C^Hj^N),  jWAy- 
drotutiditie  (C,H„N)  and  two  new  non-volatile  ones,  Aaselijie  and  Morrhuine. 
They  were  found  combined  with  morrhuic,  formic,  butyric  and  other  acids. 
Trimethylamine  has  also  been  said  to  occur  in  it. 

Cod-liver  oil  has  no  very  distinct  action  when  taken  in  ordinary 
doses,  while  in  large  quantities  it  has  a  tendency  to  cause  eructation, 
nausoa  and  diarrhoea.  Taken  repeatedly,  it  increases  the  weight  and 
strength,  and  improves  the  general  condition.  The  same  effects  are 
obtained  in  healthy  persons  by  the  use  of  good  food  and  fats,  but  deli- 
cate i)atients  who  are  unable  to  digest  ordinary  animal  ikts,  are  able 


[HKl-Iiver  oil.     Its  cffeot^  uro  obviously  tliow  of  an  ensily  hh- 

^tnllablu  fcKxl,  and  it  id  not  a  drug  in  the  ordinary  tuMitie  of  the  term, 

a«(J  has  tliercfore  no  place  in  pliarmacology  properly  speak!  nj^^,  but 

siiiiul<l  be  classed  along  with  other  foods.     It  is  always  treated  of  ad 

a  drug,  however,  because  it  has  often  been  supposed  to  have  some  spe- 

ri/ie  crtect  quite  apart  fn^>m  ordinary  ftwds.     It  is  generally  l>elieved 

(0  differ  from  onlinary  fats  in  U'ing  more  readily  assimilable,  but  the 

explanation  of  this  fact  is  by  no  means  agreed  upon,  for  tliougli  it  is 

often  said  Ui  be  more  rapidly  absorbed  from  tlie  intestine,  there  is  lit- 

de  reliable  evidenot*  that  Huch  is  tlie  case.     A  few  experiments  have 

been  carried  out,  but  by  no  means  enough  to  establi.sh  the  truth  of  tlie 

statement  satisfactorily,  and  the  chief  argument  brouglit  forwani  in 

its  support  is  that  cod-liver  oil   forms  an  emulsion  in  the  test-tube 

more  rapidly  than  other  oils.     It  is  undoubtedly  well  borne  by  tlie 

stomach,  but  it  lias  not  been  often  compared  witli  other  oils  in  rcganl 

to  this  point,  and  it  is  still  impassible  to  state  tJiat  other  oils  adniinis* 

tered  with  the  same  care  as  cod-liver  oil  are  not  equally  successful 

remei^lies. 

Bnchhcim  explained  that  cod-liver  oil  formed  an  emulsion  rapidly 
on  account  of  the  fW'f  at^id  it  contained,  and  this  lias  genemlly  been 
put  forward  as  accounting  for  its  effects  in  therapeutics.  As  far  aa 
regards  the  old  dark-cctlored  oils,  this  explanation  may  hold  gorwl,  but 
the  pale  oil  now  nswl  in  therapeutics  oflen  contains  less  free  acid  than 
ordinary  olive  oil.  Some  enthusiastic  supportei*s  of  Huchhcim's  theory 
have,  therefore,  assertetl  that  the  pale  oil  doea  not  give  the  same  results 
as  t!ie  older,  less  pure,  acid  jirejmrations,  but  tliis  is  not  the  general 
opinion  of  the  medical  profession. 

The  older  cjcplaualiuus  started  from  the  view  that  cod-ltvcr  oil  is  a  drug, 
thai  the  uit  iUelf  in  only  a  means  to  lulniiuiHter  certain  active  priariples 
oontaiued  in  it.  Thus  iodine  and  phosphorus  were  in  turn  i4Up|>ose4l  to  t)e 
the  »fi84>ntial  constituents,  but  have  l>oth  been  shown  to  lie  jirei^nt  in  too 
amall  quantities  to  be  of  auy  etTect.  More  recently  choleateriu  has  lioen 
bufocosted  as  the  curative  agent,  but  it  is  present  in  smaller  quantities  in 
cod-liver  oil  than  in  many  other  foods. 

JjAJBtly  the  tnises  have  been  credited  with  leudiug  eod-liver  oil  all  its  vir- 
tues. But  the  pule  oil  contains  only  traces  of  these,  and  again  tht*  stute- 
raent  has  bfen  made  that  the  brown  oil  is  xuporior.  An  attempt  ha«  been 
mode  to  snpiwrt  this  theory  by  examining  the  urine  of  (tersons  under  treat- 
ment with  the  bajses  separated  from  the  oil.  The  urine  has  Iwen  found  in- 
CTcaaed  in  amount,  the  urea  auKUiented,  the  le«s  oxidized  forms  of  nitntgcD 
diminishi'd,  but  these  experimentii  are  of  no  value,  l>eciiUBc  apparently  no 
measures  were  taken  to  keep  the  amount  of  food  ingested  constant. 

Several  substitutes  for  cod-liver  oil  have  been  proposed,  such  as  Idp&nin 
(v.  Meriu^),  which  is  formed  fnmi  olive  oil  by  the  addition  of  6  per  cent,  of 
oleic  acid,  and  which  was  sugj»<:4itod  by  the  theory  that  co<i-liver  oil  oweH  its 
rapid  abs*>rption  to  the  presence  of  free  acid.  A  mixture  of  ciu^ao  butter 
and  oleic  neld  has  also  been  inlroi1uee<l,  as  well  as  oil  of  tiesamo  and  olive 
oil.  On  the  theory  that  the  lHu>es  were  the  indi^pen^ble  jmrt  of  the  oil, 
Morrliuol,  a  crude  mixture  of  Imses,  aeidn  nnd  pii^ment,  has  Wen  intnHluced 
into  ibempeuticfi  and  used  to  some  extent,  but  it  has  not  proved  a  sultstitnte 
for  tlic  oil  in  pmetiee.  Lipaniu  Ints  be«n  used  only  to  a  limited  extent,  and 
has  not  been  able  to  supplant  co<l-liver  oil,  although,  like  oil  of  aeaame  and 
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olive  oil,  it  has  the  advantage  of  being  much  less  disagreeable  in  smell  and 
taste.  This  may  perhaps  be  due  to  the  conservatism  of  the  medical  profes- 
sion, rather  than  to  the  special  merits  of  cod-liver  oil. 

On  the  whole,  cod-liver  oil  has  not  been  shown  to  have  any  action 
apart  from  that  of  an  easily  digested  food,  and  its  superiority  to  some 
other  fats  and  oils  has  not  been  satisfactorily  established. 

Preparation. 

Oleum  Morrhu^  (IT.  S.  P.,  B.  P.),  cod-liver  oil,  Olenm  Jecoris  AselH, 
a  fixed  oil  obtained  finom  the  f^sh  livers  of  Gadus  Morrhua  and  of  other 
species  of  Gadus, — a  pale  yellow,  thin,  oily  liquid,  with  a  peculiar,  slightly 
fishy,  but  not  rancid  odor,  and  a  bland  slightly  fishy  taste.  4-16  c.c,  (1-4 
fl.  drs.). 

EmuUum  Olei  Morrhwe  (U.  S.  P.),  50  per  cent.  8  c.c.  (2  fl.  drs.). 

EmuUium  Olei  Morrhuce  cum  Hypophosphiiibus  (U.  S.  P.),  50  per  cent,  cod-liver 
oU.     8c.c.  (2fl.  drs.). 

Therapeutic  TTses.  —  Cod-liver  oil  is  used  in  chronic  wasting  diseases, 
such  as  tuberculosis,  scrofula,  rickets  and  some  forms  of  syphilis.  It 
is  especially  beneficial  in  the  earlier  stages  of  pulmonary  phthisis,  but 
has  no  specific  virtues  here  or  elsewhere  apart  from  those  of  an  easily 
digested  hi.  In  all  forms  of  malnutrition  and  delicacy  in  children,  it 
is  largely  used,  and  undoubtedly  causes  a  considerable  increase  in 
weight,  but  care  must  be  taken  that  it  does  not  disturb  the  digestion, 
especially  if  the  darker  oils  are  used.  In  some  persons  pure  cod-liver 
oil  always  induces  nausea,  but  a  much  larger  number  refuse  to  take 
the  brown  oil.  In  most  cases  the  light>-colored  oil  is  taken  readily, 
especially  if  the  dose  be  small  at  first  (a  teaspoonful).  When  there  is 
dyspepsia  or  a  tendency  to  diarrhoea,  cod-liver  oil  should  be  given 
-with  caution,  and  it  is  generally  prescribed  only  in  cold  weather, 
as  it  is  found  that  patients  have  a  distaste  for  it  in  summer.  When 
fever  or  acute  disease  is  present,  cod-liver  oil  is  generally  found  of 
little  value,  perhaps  on  account  of  the  disturbed  condition  of  the 
digestion.  <Jod-liver  oil  should  not  be  forced  on  patients;  when  it 
continues  to  induce  nausea  and  eructation  after  a  fair  trial,  it  should 
be  abandoned. 

Innumerable  means  have  been  proposed  to  conceal  the  odor  and 
taste,  but  it  is  generally  conceded  that  when  possible  the  pure  oil  is 
better  given  alone.  When  patients  cannot  be  induced  to  take  it  in 
this  way,  some  volatile  oil,  ether,  or  brandy  may  be  added  to  it; 
saccharine  has  also  been  used  to  sweeten  it.  Creosote  is  sometimes 
mixed  with  cod-liver  oil  in  cases  of  phthisis,  or  an  emulsion  b  formed 
containing  cod-liver  oil,  some  flavoring  substance,  iron,  hypophos- 
phites  or  calcium.  Extract  of  malt  and  cod-liver  oil  form  a  common 
mixture,  and  are  the  basis  of  many  patented  emulsions. 

In  general,  the  pale  oil  is  preferred,  but  it  must  be  added  that  some 
physicians  i)ersist  in  the  use  of  the  darker  forms,  which  contain  more 
bases  and  more  free  acid,  but  have  a  much  more  disagreeable  taste  and 
smell,  and  are  more  liable  to  disturb  the  digestion.  Of  the  substitutes 
for  cod-Uver  oil,  lipanin  has  little  taste  and  is  generally  taken  readily. 
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It  may  be  given  shaken  up  in  milk  or  form(Hl  into  an  emnlsion.    Olive 
oil  Is  (Miually  valuable  and  i»  genemlly  considered  more  [Kilatable. 
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VI.    PHLORIDZIN.' 

Phloindxin  is  not  used  in  thoniiH'uticH,  but  lias  attracted  some  attention 
from  its  elfecte  in  animaU,  and  may  therefore  be  menlioneil  shortly.  It  is 
a  glncoBide  (0„H„0,fl  +  2H  (»)  found  it)  the  rotUhark  of  the  apple,  poar, 
cherry  and  plum  tree.  Wnen  giveti  in  lai^s  quantities  by  th«  mouth  it 
sometimes  caiiHcs  some  diarrhoea  in  auimals,  but  apart  from  this  iU  only 
iffect  l.s  glycosuria,  which  also  foilow's  its  injection  aubcutaneously  or  iiitiu- 
loualy.  The  urine  is  foimd  to  contAin  5-15  per  (*nt.  or  even  more  of 
r,  sometimes  along  witli  acetone  and  oxybutyric  acid,  so  that  the  intox- 
lon  seems  at  first  sight  to  resemble  diabetes  mollitiw  in  man  yerj'  closely, 
Phloridzin  induecasthe  same  results  in  man,  and  the  glycosuria  is  not  accom- 
panied by  any  other  symptoms  geticmlly.  It  diflcra  fntiu  true  djalwles, 
hctwever,  in  the  fact  that  the  sugar  of  the  blood  i.s  not  increased  in  amount. 
The  glycosuria  is  not  liuo  to  any  change  in  the  general  metalvoli.^m  of  the 
body,  therefore,  but  to  some  alteration  of  the  renal  epithelium,  by  which 
the  blood  sugar  escapee  into  the  urine  instead  of  lacing  rctaiued  in  the  l>ody 
and  used  as  a  source  of  energy.  This  has  been  detinitoly  proven  by  Zuntz, 
yrUo  showed  that  when  phloridzin  was  injected  into  one  renal  artciy,  tlio 
nrtue  secreted  by  the  corresjionding  kidney  ctnitained  sugar,  while  that  fn>m 
the  other  remained  normal  forKome  time.  As  the  available  AUgar  is  drained 
off  in  the  urine,  the  tiaaiica  rapidly  maimfaclure  more  and  pour  it  into  the 
blo<Hl.  As  long  as  suilicient  food  is  given,  the  loss  of  HUgar  d(te»  not  seem  to 
entail  any  increase  in  the  deslniclion  of  the  proleid  tisHues,  but  when  phlo- 
rid/in  t.4  given  to  starving  dogs,  the  wasu;  <if  sugar  lias  to  Ix^  nmde  up  from 
the  tis.sues,  and  the  nitrogen  of  the  urine  accordingly  rises  in  amount,  white 
at  the  same  time  the  liver  cells  l>ecome  infillrated  with  fat  globules.  The 
iBtatement  that  the  sugar  of  the  milk  is  increased  by  phloridzin  has  proved 
'to  be  incorrect. 

Glycosuria  may  l»c  maintaineil  for  an  indefinite  time  if  the  administration 
of  phloridzin  l>c  continue*!,  and  animals  recover  rapidly  when  the  taalment 
is  stopped.  The  glucosidc  is  probably  excreted  in  the  urine  unchanged, 
although  this  has  not  l>eeu  quite  satisfactorily  demonsirated  as  yvL  Phlo- 
ri<l7in  miiy  be  decomposed  into  a  sugar^  phlorose,  and  phloretin,  which  alao 
induces  glycosuria. 

Svzygiani  Jambolanom,  <>r  Jambnl,  h  tn-c  growing  in  tSouth  Amerii-a  and 
in  tilt-  Kii<  lnilit'-«,  i^  ^uid  U*  conlnin  Mune  unktiown  ^ubKtJUice  whirh  hart  n  Hp(^• 
cific  JU'lion  in  diubfle*.  Sc-vitjiI  elinic-al  obwr\'ers  have  U(ttL<d  iin]»n>vem*'ttt 
in  iiHJUie  caw»,  but  other*  have  seen  no  n-ault  whatever  follow,  imd  nA  a  gi-nerul 

^PliloridKin  is  not  in  any  var  related  to  the  other  druffi  of  this  mul,  and  his  only 
Inaerted  here  because  no  suitable  position  coold  be  found  elsewnerc 
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rule  no  sufficient  estimation  of  the  sugar  of  Uie  urine  was  made  in  the  cases  in 
which  the  treatment  was  believed  to  be  successflil.  Some  experiments  on 
animals  seem  to  indicate  that  it  modifies  the  sugar  formation  in  the  tissues, 
but  cannot  be  accepted  until  they  are  confirmed  by  fiirther  research. 
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MENSTRUA  AND   MECHANICAL  REMEDIES. 

Oleiim  Theobromatls  (U.  8.  P.,.B.  P.),  cacao-butter,  a  fixed  oil  expressed 
fVom  the  seeds  of  Tbcobroma  cacao,  forma  a  yellowish -white  solid  having  a 
faint,  Agreeable  otlor  iind  a  bland,  chocolate  tdiate.  It  melts  a  little  below 
Uie  leiuperature  of  the  body.  Cucno-biitler  is  used  almost  exoliLsively  to 
furm  suppositories,  in  which  astringents  and  other  remedies  are  incorporated. 
When  these  ai*e  introduced  into  the  rectum,  they  melt  and  the  active  prin- 
ciple is  liberated. 

Keratin  ( not  official )  is  a  mibstanco  obtained  from  horns,  hoofs,  nails,  etc., 
which  is  insoluble  in  the  gastric  juices,  but  is  dissolved  by  the  alkaline  pan- 
creatic secretion.  It  is  used  to  cout  pills  which  it  is  desired  to  protect  from 
disintegration  in  the  stomach. 

EaoIinQin  (H.  K,  L'.  H.  P.),  or  porceUin  cUy,  in  used  in  the  formation  of 
pills  cniibuning  eiisily  reduced  l>odies,  such  as  silver  nitrate  or  potassium  |>er- 
m»Mg:uiute.  Mixed  with  X\\c  ordinary  vegetable  cxcipients.  i*uch  us  cfnifectioD 
of  rt)!*cs,  (»r  extract  of  liquorice  or  gentian,  these  sidts  would  bo  reiluctH)  jit  onee. 
Knolin  is  an  aluininiura  silicate  and  forms  a  soft  whitish  powder  insoluble  in 
water  or  dilute  aeids. 

Cataplasma  Kaolini  (U.  S.'P.),  kaolin  moistened  with  glycerin  and  applied 
as  a  pniilticc. 

Sapo  (I'.  S.  i*.),  Sapo  Dnras  (B.  P.),  hahJ  soap,  white  Castile  soap,  ia  pro- 
pared  from  so<lu  und  olive  oil. 

Sapo  Mollis  (U.  8.  P.,  B.  P.),  soft  soap,  sapo  viridia,  a  aoap  made  from 
potjish  and  olive  oil. 

Sapo  Animalis  (B.  P.),  curd  soap,  soap  made  with  sodium  hydroxide  and 
a  puriHed  animal  fat  consisting  chiefly  of  steariu  ;  it  contains  about  SO  p«r 
cent,  of  water. 

These  soaps  are  used  in  therapeutics  as  ingredienta  of  liniments  and  plos- 
t4»rB.  Water  containing  soap  is  often  thrown  into  the  rectum  as  au  enema, 
and  in  infants  a  soapstick  inserted  into  the  anus  genemlly  pn>vokeii  evacua- 
tion of  the  bowels  in  a  few  minutes. 

Soaps  impregimted  with  ant  isepticfl,  such  as  perchlorido  of  mercury,  car- 
bolic acid,  tar,  or  iodine,  are  often  use<l  to  disinfect  the  hands. 

The  chief  prepitrations  in  which  soap  Is  uswi  in  the  pharmacopoeias  are : 

Emplantrum  Saponiji  (U.  S.  P.,  B.  P.),  soap  plaster. 

Linimtntinn  Saponis  {V,  H.  P.,  B.  P.),  soup  liniment.  I 

Linimentum  Saponua  AfoUin  (l*.  S.  P.,  B.  P.), 

The  liniments  consist  of  alcohol  with  soap  iu  suspension,  perfume<l  with 
volatile  oils,  and  are  mildly  irritant  to  the  ^in.  They  are  used  largely  as 
for  other  liniments. 

The  use  of  the  oils,  fats  and  glycerin  as  vehicles  for  the  applicAtlon  of 
remedies  to  the  skin  has  been  mentioned  already  (page  40).  They  may  also 
be  used  to  dissolve  remedies  which  aro  insoluble  in  water,  but  which  are  Ui 
be  given  by  the  mouth,  such  as  phosphorus*  (in  oil). 

Wax  (ccra  alba,  cera  dava)  is  used  ohicHy  to  increase  the  consistency  of 
ointments.  A  special  series  of  preparations  somewhat  stilfer  than  the  oint- 
ments are  the  cerates  of  the  V.  8.  P. 

Plasters  arc  sticky  adhesive  substances  which  are  chielly  used  to  give  me- 
chauical  supi>ort,  but  whieh  aro  often  impi-egnatefl  Avith  active  remedies  in 
order  to  elicit  their  local  action  on  the  skin.     The  basis  of  many  of  the  plas- 


728  MENSTRUA  AND  MECHANICAL  REMEDIES. 

ten  w  lead  plaster,  which  is  obtuned  by  the  actkm  at  lead  oxidr  on  olive  oil 

and  consistis  for  the  most  part  of  lead  oleate. 

Emplwdrum  Plumin  (U.  S.  P.,  B.  P.),  lead  or  dUchrkm  plaster. 

EmplaMrum  Adhamvum  (U.  8.  P.),  Raina  (B.  P-X  adhesiTC  plaster. 

EmpUulrum  Saponi$  (U.  8.  P.,  B.  P.),  soap  plaster. 

Emplastrum  Opii  (U.  8.  P.,  B.  P.),  (^inm  plaster. 

Emplnstrum  BdladomuE  (U.  8.  P.,  B.  P.),  belladonna  plaster. 

ErapiaMrum  Picis  (B.  P.),  Borgiindj  pitch  plaster. 

EmplaMrum  Oipnci  (U.  8.  P.)- 

Empiaslrum  OaU/ariau  (B.  P. ),  wanning  plaster. 

EmplaMrum  CantharuUs  (B.  P.). 

Emplaistrum  Hydrargtfri  (U.  8.  P.,  B.  P.),  mercory  plasty. 

EmpUvftrum  Ammoniaci  cum  Hydrargyro  (B.  P.). 

Emplastrum  Plumbi  lodidi  (B.  P.). 

Emplastrum  Menthol  (B.  P.). 

Court  plaster  is  formed  from  ising^aaa,  the  dried  swimming  bladder  of  aer- 
eral  species  of  sturgeon,  which  is  dissolved  In  water,  alcohol  and  glycerin 
and  painted  on  taffeta.  Isinglass  differs  £rom  lead  plaster  and  its  deriva<- 
tives  in  being  transparent^  so  that  if  it  be  spread  on  a  flesh-colored  cloth,  it 
disfigures  the  hands  and  fiice  less  than  the  others. 

L^id  plaster,  resin  plaster  and  isinglass  plaster  are  used  only  to  cover  and 
protect  cuts  and  abrasions,  and  to  keep  the  edges  of  wounds  in  apposition. 
The  adhesive  plaster  and  isinglass  planter  are  superior  to  lead  plaster,  as  th^ 
stick  more  firmly.  It  is  perhaps  unnecessaiy  to  add  that  plasters  are  always 
applied  spread  on  cloth.  Opium  and  belladonna  plasters  are  believed  to 
lessen  pain  locally  as  well  as  to  give  support,  but  this  is  perhaps  imaginary. 
Belladonna  plaster  is  said  to  lessen  the  secretion  of  perspiration  and  of  milk. 
The  pitch,  arnica,  menthol  and  capsicum  plasters  have  some  irritant  action 
and  this  is  of  course  more  marked  in  the  case  of  the  warming  plaster  and 
cantbaridea  plaster.  Some  mercury  is  absorbed  when  the  mercury  plasters 
are  applied  to  the  skin,  but  this  metiiod  of  administration  allows  of  even  leas 
accurate  dosage  than  inunction,  and  is  seldom  used.  Iron  plaster  is  devoid 
of  any  properties  apart  from  those  shared  with  the  others. 

Another  series  resembling  the  plasters  in  their  sphere  of  nsefolness  is 
formed  by  the  OoUodia.  Their  basis  is  pyroxylin,  or  soluble  gun-cotton, 
which  is  formed  from  cotton  by  the  action  of  sulphuric  and  nitric  acids,  and 
which  consists  of  a  mixture  of  nitrates  of  cellulose.  Collodion  is  formed  by 
dissolving  pyroxylin  in  a  mixture  of  alcohol  and  ether.  When  these  evapo- 
rate, there  remains  a  fine  layer  of  pyroxylin,  which  protects  the  surface  to 
which  it  is  applied  and  gums  the  edges  of  slight  cuts  together.  This  collodion 
is  rendered  less  brittle  by  the  addition  of  Canada  turpentine  and  castor  oil  in 
small  proportions,  and  is  then  known  as  flexible  collodion.  A  blistering 
collodion  is  formed  by  the  addition  of  powdered  cantharides  to  the  flexible 
preparation.     Another  preparation  contains  tannic  acid. 

Pyroxylinum  (U.  8.  P.,  B.  P.),  soluble  gun  cotton,  coUoxylin. 

Collodium  (U.  8.  P.,  B.  P.),  collodion. 

Collodium  Flexile  (TJ.  S.  P.,  B.  P.),  flexible  collodion. 

Collodium  Cantharidatum  (0.  S.  P.),  Collodium  Vesicans  (B.  P.),  blistering 
collodion. 

Collodium  Stypticum  contains  20  per  cent,  of  tannic  acid. 

Instead  of  collodion,  india-rubber,  Caoutchouc  (B.  P.),  Elaetica  (U.  S.  P.), 
may  be  dissolved  in  chloroform  and  applied  in  the  same  way. 

Cakii  tSufphas  Exsiccatm  (U.  S.  P.),  Dried  Gypsum,  used  to  impr^nate 
bandages,  which  then  become  hard  and  immovable. 


CLASSIFICATION  OF  DRUGS    ACCORDING  TO 
THEIR  THERAPEUTIC  USE. 


I.  Dra^B  applldd  for  their  local  action 
to  tne  skin,  wounds,  or  visible 
mucous  membranes. 

Cbrronva  or  emutica. 
Potaah,  540 
Mercury  nitrate,  A50 
Potattaium  and  soiUani  carbonate, 

540 
Silver  nilmle,  fWfi 
Zinc  chloride,  tW-l 
Nitric  ftciil  nnd  nthcr  ftcida,  555 
('hmmic  acid,  699 
Burnt  iiltini,  t>95 
Bromine,  582 
Arsvnic,  603 
Lead  nitrate,  670 
Trichloracetic  aoid,  563 
Ammoniatod  niercurv  and  other 

mcpcurv  prciiaratiuiu,  (iflO 
(Smla.  MO) 

(Sodium  ethyUtc,545) 
(Limu,  5t>4) 
(Carbolic  acid,  393) 

Diiiin/ettnniJi  and  ttrUurjiliet. 

llydmjj^'n  pvmxide,  5^7 

I'enniin^iuile  uf  ]>i>tai«iuint  589 

<  "hlorine.  r>8'J 

SulpbunMis  anhy- 
dride, W'' 

Foniialdch>ile,423 

UiboUc!  acHi,  Mi 

Corrosive    Hublinmlc    and    other 
mercury  sal  lis,  t>50 

Silver  nitrate.  i*S6 

Zinc  chh>ri4le,  tV<4 

Bonicir  acid,  578 

ludofonii,  loilul,  517 

TVr,405 

Salicylic  acid,  408 

(llenju^ic  scid,  419) 

(Camphor,  4l'6) 

(Sulphites,  i>'ZQ) 

(&lIuh(>cnrb(>Utc^  417) 

(  Vumtile  oils  (^thvmol,  cuc&lvptol, 

«t£.j) 

AatrmftntM. 

Tannic  acid  wries,  109 
In.in  )irv|ianilions,  r.  j^.,  sulphate, 
655 


to  hving 
objects. 


n. 


Bismuth  prepftnitions,  692 
l^-ad  lux'tntc,  (i7() 
Zint'  sulphate  and  oxide,  683 
Cop|K-r  toilphate,  680 
Alum,  695 

Soluble  (iMtrinevnts  (w.*c  nUjve). 
ln)n  pcrchloriile,  055 
Silver  nitrate.  ('Wt 
Burnt  alum,  ti*J5 

7^  eontraH  vnaeft  ami  redww  AonorrAo^i 
andavdlmg, 

ri»caine,  298 

Supmrenal    extract    (adrrnalin  )* 
458 

BmoUientt  or  proUcHvef. 
Emnllientj*.  49 
PUaters  and  Collodin,  728 
Dui*tini;-|»owdor«— ^itftrch.  tnlcnm. 
chalk,  und   inuny  Insiliible  itit^ 
tallic  potrdeTft,  whii-h  may  alwi 
be  alightly  OBtringvnl,  53. 

Local  anot/yruji  nitd  tOMlgatict  for  ftam 
and  iifMntj. 
BicurKtTtntc  of  fHMat^nitim,  541 
CVM-aine,  Kncaine,  Orthol'orm,  etc-, 

Oirl><>lic  acid,  393 
I'hlori'tone,  186 
(Priwii-  acid.  238) 
(Atrof.ine,  276) 
(Awnile.  328) 
(Veratrine,  :M8) 

LoAl/  nntr*lhrtieA. 

Told  hr  evuiioration  of  elher,  ctc^ 

IHI' 
(VR-aine  and  Riicaine^  298 

Drurs  used  for  affections  of  the 
alimentary  tract. 

MoiTu  AND  TiiKOAT  I  sev  SecUoo  !.)• 
/>rmu/wnto,  45 

ChtoraKv,  522 
Ammonium  chloride,  496 
Culiclw.  75 

7b  loan  taiinuion. 
Atropine.  276 
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/•lavoring  »ubalante$, 
Sufpins  54 

Viilutili'  nil  wriuB,  00 
AcUIh  (rilrif),  5M 
Syntji  of  Tulu,  Uinger,  etc. 

Stomach. 

Jii^eativet. 

Vqwin,  I"!!}!!!!!),  dr.,  705 
llyilrouhlci'ir  niMil,  561 

lCmetie». 

(Viiniiinh  unit,  UWV 
Miiirtxinl,  SH 
Wiimi  wnl«T. 
A|Min)iirp)tino,  2^4 
liKvitriiiiiilm,  :Wl> 
Itirtitr  riiu'tii-,  n2\l 
CopiMT  siilplmtc,  082 
/.till-  miliilmif,  0H<> 
(Aliini.  tV.Mi) 
( Attiiitiiiiiitin  ciirlKmatr,  551 ) 

7b  Uamn  irrtUtti'm  and  ivrntfiriy. 
Oitiuin.  2C)(t 
rhlitml,  1S«) 
LiiiiiswuU'r.  r)05 
Hifiiiuitli,  0\i'> 
(Vriuin  (txalHt**,  <ii)5 
Void  yttx). 

^  t'iMIUHL',   208 

lliirlM>niiHiri«l  walor,  680 
iXMtiiiUvnlA,  •{» 
(PnuwiunoiU,  230) 

rotiueium  himI  Sodium  n«r- 
iMUMKti  aihI  lUctirbiuuitei^ 
540 

MnKiu«ia  and  Mii|^ii'«iuni  otr- 
Kinalo.  MO 

IJuip-ttulrr  nnd  cluUk,  0C5 

Lithitim  cnrtxitutv,  &4<i 

fV»  iiwmur  «rt*n^itiii.  hilten. 

Sitn|>li*  bitlvrs.  M 

Nux  roinicn.  Stryrlmine,  IftS 

Cinrhoiui  and  Quinine,  353 

(llvtlnuiia,  23U) 

(Hklicin,  413) 

Volutilr  oil  carmin«riv««,  61 
AK-«>liuIi«'  |i(v(iinitkinA. 
('krfaL4iit*  »cid  wtttopft.  ^VSO 
UuW»U»  nnd  HicArbttfutea^ 

640 
Bitlm<«»RboreV 
UMphor,4» 

OHKmuerr 

Ajwaoidam  nrbomtev  MO 

llfTTWTUfB. 

'    PharTCirtiikTO*) 


p»nr 


7\>  prtmoU  tautuUion — pi 

Vt-jfelable  pur^tivuB,  B3 
Saline  cntbnrtics,  .'>30 
Mercurial    pur>riiivA« — <Ui 

mcl  and   Metallic  prepoJlr 

tinnft,  034 
Sulphur,  673 
Enema  ta. 

(rlj'i-vrin  ttuppoeitorifliy  M 
(Atropinuj. 

To  itacn  Tnorvmmi  and  r*lax 
Opium  and  Mfti^diine, 
Tniuiir  ac-id  (**'rie*,  H>9 
Linie-wnler.  5tj/> 
I>*.tid  iirutatu,  (JTO 
lliimiuth,  m'2. 
Atropine   (to   telnx  «auai\ 

278 
(Alum,  695) 

Toiifstroy  paroKita—anthdm 

Malofem.  !!« 
Pomegrnnale,  119 
Cu«M>,  etc.,  U8 
Santonin.  120 
(.'alonu'l.  tt34 
8alnl.  408 

(Simt*  volatile  n'tU). 
(rhlim>ffinn.  17HJ 
(Thyinol.  Ntiphtol,  400) 
((.juuwia  enciua,  5<1) 

Dm^ftetoHi*  and  antiarpdejL, 

( Vewtable  awl  .Snlirw  punn- 

lives). 
Mi?r(L'uriAl    purges — CUanicl, 

C34 
Naphtol,  408 
SbIoI,  408 

IIL  Drugs  naed  for  their  effects  on 
the  circulation. 

iliCAia'. 

Yb  ttremgOtfn  ctrntneiiotu 

Diptalts  group,  435 
n  «ftW<ra<#  p*i«L 

AtmooMiiSTV 

(C^mplMV,4a6) 

((>£hie,  3U) 

7b  Winr  tie  puiae, 

rHifitalis  eniup,  4t& 
Afooiu*.  'X*s 
Veotrinc.  .•»! 
SkrSPchniDe,  19& 


CkflBphnr.  4S6 
Kigot.472 
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2b  rdax  rfur/tr  ami  Imcer 
Nitrite  M>rie&,  4G4 


hemorrhage 


Tb    wrr<gt      Internal 

Er^t,  -172 

llytli-asilne     nnd     HydraMi- 

nlne,  220 
Opjum     and     Morphine  '  (to 

allay  rufitluasiicsb). 

3b  remove  Jtttid  (dropujf^  tmasarca), 
IHgilalU  series,  435 
IMuxvtiGS    (fioe    Kidney  ,  be- 
low). 
Saline  cntlinrti«s  530 
Diapliurvtics  (we    Skin,    be- 
low). 
(VcgclJible  catbnrtics,  1)3) 
<SnlK>iu-  iHu).  40M) 

IV.  Drags  tised  for  their  effects  on 
the  genito-nriiiary  syBtem. 

To  inerewui  tht  flotv  of  uniie  {iltureties). 
Caffeine  nnd  Tlietibnunini*,  244 
Digitalis  and  Haullls  4:^ 
(Turpentine,      Uva     Urn,     Sct> 

panun). 
NilmU-s,  527 
Acetates,  650 
Citrate-i,  iodides  of   the  olkaltcs, 

606 
Carhnimtcs,  5-10' 
Mercury-— calomel       and       blue 

pill,  034 

To  render  the  tirine  lest  aeid. 

Alkali  carbonates  and   bicnibon* 
atea,  540 
Aoetates,  550 
Citrates,  550 

7b  rmder  the  arifu;  antiseptic 
Cotmiba  series,  74 
tkkUA  amISiilWInlcs.  108 
fiodiiiin  »ulph(H-arUiluif,  417 
Bonix,  57s 
L^rotropin,  425 

I^tciil  nnli!H.'ptit'»,  a)t|rinf?enta,ano 
dynwi,  causlu-M^  etc,  are  used  in 
llie  uruthm  and  bladder. 

7b  pramfite    fotttratiion   of   the    tUerui 
{rrbfJiet), 

Ertft)!,  472 
tannine,  353 
(Pil<K-arpine.  311) 
(Cottonnxit-btirk,  480) 
(Hydrastis,  22V») 

3b     promote      menstruation     ( nmnrmi- 
gof/utui). 
Iirai,  d.V> 

Vegetable  piirgallTea— aloen,  (tfl 
(Mvrrh). 


htood-  ■  V.  Drugs  used  for  their  effects  on  the 
respiratory  system. 

To  stimulate  thr  rrmpiraSory  centre. 
Atropine,  270 
Coireiiie.  244 
Cknii>hor,  42ti 
Strvcbine,  105 
(Afcohol?). 


VI. 


7b  reduce  tkt  irritability  t^  the  emtrt  i% 
emujh. 

Opium,   Morphine,  and  Oudeinc, 
20(1 

( FU-r>tine). 
t-hloral  M'lieR,  IRfi 
Uruniide;!  of  \\\m  ullailieiit,  olM) 

7b  iticrrmtr.    atui   liqur/t/   the    hniuchkii 
isecrttio$i. 

Ijwcacuanhn,  339 
Tartar  eiiittic,(>29 
KqullUt  435 
Sene^,  346 

Ammonium  carlxmate,  551 
lodidi?s  of  the  alkalies  50(i 
(IxiMia,  275) 

3b  /exxni  Me  terretioa  of  the  hrmtchi  (.'). 
Ueiixoic     iidil,     lk>iuu>iii,     Tulu 

Balxim,  410 
Amiimniiim  chloride,  490 
Culiebs,  73 

7b  rdax  bronchial  ^patan  {f)  \n  aathma. 
Bellnduntta  and  Almpine,  2Ttt 
lAibclin,  275 
Nitrite  Mrries,  404 
todideH,  oO'i 

(Chnrin  (MttaK;;!!  nllmtift,527) 
(A.spidosiperma,  352) 

Drugs  used  for  their  effects  on  the 
central  nervous  system. 

Stimulants. 

(u)    Th€  minni  eord. 
Strvcliiiitit,  105 
(6)    Tht  brain  and  medulla  oNoH' 
^tta. 
Atnipine  (cocaine),  276 
I  aniphor,  420 
Cfttleine,  244 

DrfirriuuttttJli. 

(fl)   To    /Krfvi/yze    unun/ton — Ont- 

tmt  nivTAthettr*, 
Etlier,    t'hlonifonn,    Nitnwis 

oxide,  15.V-1H0 
(6)   7b  tnduce  sierpand  rr*i~hyj^ 

Holirx  nr  namttirji. 
Opium  Jind  Moqihim',  20(1 
Al.'..h<.I,  120 
C'hionil  (iTrouit,  180 
Itrontidt-^,  500 
lIyo«'ine,  270 
UinnahtM  indira,  232 
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To  rdiofe  pain — anaigtaics  or  on- 

f)iuiuu,  206 

Cannaliis,  232 

AntipyriiH'  itcries,  369 

(Alcohol,  129) 

(Chlural,  IKG) 

(Arvenic,  Iodides,  C^inine, 
Nitrites  arc  Bunietimes  of 
value  Id  headache). 

VII.  Dmgs  used  to  reduce  ferer  tem- 
perature. 

Anti]kvnnu  tind  Acctanilide  group, 

any" 

Quinine,  ^')3 

Atvnilt',  3*Jti 

Httliovlic  ncid  group,  40S 

Xliaphoretics  (see  below). 

(Rtssurcm,  Guaiacnl,  401) 

Vm.  Dm^s  used  for  tlieir  effects  on 
the  hver. 

To  increoK  the  tiecrttion  of  bUe — choia- 

Ox-Kall.  708 
(StilicyHc  acid.  408) 

IX .  Drags  used  for  their  effects  on  the 

blood. 

7(i  iurrfiim-  the  htrmoijlaiiin, 
J  run,  {'>^yh 
Arytnic,  C03 

To  ineroue  the  aikntinity. 

Alkali  carbonate  Kroiip,  540 
Acelaten  and  (Umiew,  550 

X.  Drugs  used  for  specified  diseases. 

In  vmitiriii. 

giiinine,  .^•^3 
Antenic,  603 

In  tiinthUU. 

Slercury,  634 
TiMlideH,  506 

In  rheuHuitie  fever, 

SnlicTvlttlcfi,  Htelol,  408 

In  myxTilnna  aiui  strnie  other  thifvoid  di»- 

Tbvroid  extnicl,  711 

In  youL 

(Tolchicum,  343) 

ZI.  Drugs  used  for  their  effects  on  the 
s£n. 

Chrrfmveg  or  iwiuihci,  729 
Etfiutlicnfn  antt  /woteofinfs,  729 
Lorui  Hjw^ynw  and  anasthetie*,  729 
Irritanls. 

TuPitenline  oil  group,  86 
MuKtard,  88 
(^nthttridi!*,  Sfi 
t'roton  oil,  y7 
Tartar  eu»etic,629 


Camphor,  426 
Menthol.  4:»6 
ludine^  513 
Ammonia^  551 
( Aconite,  328) 
(Vorathae,  334) 


DUhxfetiafU    or    irritani     oiiUmeniM  in 

parasitic  tkin  diteoMe*. 
Mercury  ointnieni,  €34 
t^lphur  ointment,  573 
Tar.  AOS 
Ichthjol,  407 
Benzoin,   l^to^u^  and    Peru   faaJ- 

sun,  41S 
Kaphtalin  and  Nopbtol,  4U8 
Resorriii,  401 
Thjmol,  400 
Prrogmllol,  402 
Chryaarobin,  102 
Cumiihor,  4*>« 
Iluracic  .icid,  57S 
lodol    and    other  orgnnic   iodine 

comjxiundn,  517 
Orf^aaic     bi&muth     prepantioitf, 

695 
AUini  prvirarations  697 
Arsenic,  ItMiide  of  iVitamium.  etc, 

may  be  used  iDtemally  in  skin 

iiismBca. 

I)rutj»  admimstered  tntfmalJy  to  inereaM 
tkf  trrrrtinn  of  pm^ruiion  {dta- 
phwdicx  or  audortfiet), 
Ipecacuanlia,  339 

and     other    naiiaenting   ex- 
|iet'ttimniH  (iinlinumy). 
Ipecacuanha    and    Opium    (Do* 

ver's  iHmder),  339 
Camphor,  426 
I'ilocarjiiiie,  311 

Dnufi   administered  inffmally  to  Itmm 
accrrlion  »f  jtrrsfiinitinn. 
Atro^>ine  ami  Helladontia,  276 
Agancin,  297 
Camphoric  acid,  426 

Druift  applied    Utadtp  and   intemafljf  k 
arrttt  iKe  aecrvfion  i^*  mi/k. 
Atnjpiue. 

Xn.    Drugs   used   locally  for   their 
effects  on  the  eye, 

A»trinifaUs,  729 
iJumnfettanti,  729 
rViurf.M,  729 

Anodtfnetand  omrsfArfic^,  729 
Dmgi  ddatiny    the  ^mpit  and  reinnn^ 
the  accommodation — mydruitieau 

Atropine  and  Humatroftitie,  276 

Cocame,  298 

(Gelseniinuie,  263) 
Ihu^    contracting   the    pvpil    and    (Ar 
ciiiiin/  mujiclc — myotin. 

Phy»i»*ti|o»>ne  or  Eserine.  320 

l^UH-arpine,  311 

(Mujicarine,  311) 


INDEX. 


The  preparations  are  not  mentioned  in  the  index  unless  when  they  are  met  with  in  the 
text  apart  from  the  chief  constituent — e.  g.,  Tinctura  digitalis  will  be  found  under  IMgitalis ; 
but  Jjcad  plaster  is  indexed,  because  it  occurs  apart  from  lead.  For  metallic  salts,  see  the 
text  under  the  meUl— {.y.^  for  Mercury  perchloride,  see  Uercnry. 


ABIES  excclsa,  86 
Abrin,84,721 
j\bni8  precatorius,  721 
AbHinthe,  426 
Absorption  from  the  alimentary  tract,  32 

lungis  32 

rectum,  34 

skin,  33,  49 

subcutaneous  tissues,  33 

wounds,  34 
Acacia,  47 

catechu,  113 
A.  C.  E.  mixture,  179 
Aceta,  40 
Acetal,  127 
Aceta  Idchyde,  425 
Acetuniliile,  369,  380 
Acetate  nf  anynonium,  550 
Acetateis  649 
Acetic  acid,  563 

ether.  71,  180 
Acetone<Jiiorofonn,  127 
Acetoperacid,  588 
Aectophenone,  127 
Acetpnenetidine,  380 
Acetylene,  126 
Acid,  acetic,  563 

agaric,  297 

angelic,  334 

arabinic,  47 

arsenic,  604 

amcniouH,  604,  616 

benzoic,  387,  419 

boracic,  578 

boric,  578 

broniacetic,  127 

butyric,  127 

cac<Klyllc,  604 

cntlcotannic,  353  (note) 

cam  bogie,  103 

cam[>horic,  298,  426,  431,  433 

carbolic,  385,  393,  397 

carbonic,  580 

cathartinic,  99 

cetraric,  59 

chaTacinic,  72 

chloracetic,  127 

chromic,  591,  699 

chrysopbanic,  99, 102 


Acid,  cinnamic,  386,  419,  420 
citric,  569 
crwotinic,  386,  417 
crotonoleic,  98 
digallic,  112 
ergotinic,  472,  478 
filicic,  116 
flavaspidic,  116 
formic,  563 
gallic,  109,  112 
gallotannic,  112 
gymnemic  302  (note) 
nydriodic,  510 
bydrobromic,  504 
hydrochloric,  561 
hydrocyanic,  68,  238 
hydrofluoric,  521,  562 
hydrosulphuric,  575 
ialapinic,  103 
lactic,  564 
lupulinic,  58 
meconic,  206 
muriatic,  561 
nitric,  560 

nitrohydrochloric,  561 
ophelic,  59 
opianic,  229 
oemic,  702 
oxalic,  564 
oxy benzoic,  417 
oxynapbtoic,  417 
pannic,  U6  (note) 
phosphoric,  562 
picramic,  421 
picric,  421 
piperinic,  72 
polyj^lic,  347 
propionic,  125 
pnissic,  48,  68,  238 
pyrogallic,  385,  402 
quillaiac,  347 
quinic,  353,  549 
quinonic,  353  (note) 
ncinoleic,  98 
salicylic,  385,  386,  408 
santonin  ic,  120 
selenic,  702 
seleniouB,  702 
sclerotlmc,  478 
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Acid,  soKuiodolic,  519 

sozolic,  417 

8phacelinic,  472 

Kulfanilic;  512 

sulphuric,  560 

bulphurous,562 

tannic,  109 

tartaric,  564 

telluric,  702 

trichloracetic,  563 

tropic,  276 

valerianic,  73 
Acida,  37,  555 

fatty,  563 

of  the  methane  series,  127,  563 

organic,  563 
Acocantbera,  435 
AcoineH,  311 
Aconine,  328,  332 
Aconite,  compariHon  with  antipTTetics,  383 

(ii^talis,  455 
Acnnitine,  328 
Aconitum,  328,  333 
Acorin,  70 
Action,  cumulative,  28 

relation  between  chemical  compoution 
and  ptiarmacolof(ical,  24 

remote,  local,  indirect,  general,  23 
Actol,  591 
Adcjw,  50 

lame,  50 
Adhesive  plaster.  88,  728 
AdipLs,  oleum,  51 
Adjuvants,  28 
Administration  of  drugs,  30 
Adonidin,  436 
Adonift,  435 
Adrenal  extract,  459 
Adrenalin,  459,  462 
^ther,  177 

aceticiia,  180 
jEtheris  nitroHi  spiritUH,  470 
-Cthylis  carbama}i,.193 

chloridum,  177 
Affinity,  elective,  of  drugs,  22 
Agaric,  297 
Agaricin,  297 
Agaricus,  297 

muscarius,  311 
Age  in  relation  to  done,  25 
Agropyrum  repens,  48 
Agrostemma,  347 
Ague,  brass- foundeni',  684 
Agiinne,  251 
Airol,  695 

Alanin-mereury,  654 
Alapurin,  50 
Albaspidin,  116 
Alcohol,  86,  127,  129 

lunvl,  144 

but'yl,  126,  144 

food  value  of,  139 

methvl,  144 

propyl,  125,  126,  144 
Alcohol-chloroform  group,  125 
Alcoholic  preparations,  39 


AlcohollBm,  chronic,  150 
Aldehyde,  128 

formic,  423 
Alkaline  earths.      See   Calcium,  Barium, 
Strontium. 

carbonates,  540 

hydrates,  540 
Alkaloids,  35 
Alkasal,  697 
Allspice,  67 
Almond,  238 

bitter.  67,  238 

oU,dl 

sweet,  48 
Aloe,  101 
Aloes,  99 
Aloin,  57,  99 
Alsol,  697 
Althsn,  47 
Alum,  624,  695 

ammonioferric,  664 
A  lumen,  697 
Aluminium,  695 
Alumnol,  697 
Amanita,  31 1 
Amidocamphor,  426 
Ammonia,  551 
Ammoniacum,  87 
Ammonias,  substituted,  499 
Ammoniated  mercury,  650 
Ammonium  acetate,  550 

bases,  499 

benzoate,  419 

bromide,  504 

carbonate,  551 

chlorate,  522 

chloride,  499 

citrate,  653 

iodide,  510 

salts,  258,  499 
Amygdala  amara,  67,  238 

dulcis,  48 
Amygdalse,  oleum  expreasum,  51 
Amygdalin,  48,  67,  238 
Amyl  alcohol,  144 

nitrite,  464,  465 
Amylamine,  722 
Amylene,  126 

hydrate,  126, 191, 193 
Amylquinine,  258 
Amylum,  48 
Anacardium,  92 
AnacychiH,  72 
Aniesthesia,  general,  153 

infiltration,  307 

intraspinal,  308 

local,  180,  307 

regional,  308 

subarachnoid,  308 
Aniesthesin,  310 
Ansesthetics,  general,  153 

local  action  of,  180 

mixtures  of,  179 

preparations  of,  177,  180 
Anagallis,  707 
Analgen,  369 
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Anamirta,  431 
Audio  anifoUi,  102 
AnfHi'-jne,  1)2 
Amaton^  127 
Aiit-^ahtil,  17fl 
Anetbi  Iniciiui,  67 
Aneofttiina,  txirk,  59 
AnhHloniuni,  UdS 
Aniline,  3.1,  ruil*.  424 
Aiiiitml  cxiracti?j  710 

8aap,  727 
Anion,  484 
Anise,  (>7 

oil  of,  68 
AniHul,  386,  400 
Aini«lyn«,  Hoflhian's,  180 
AiitaridiS  S-l*^ 
AntiLj^mi^ic!  effecU,  29 
Aiitlieliuiniicss  115 
Anilit'iuiM,  *>7 
Anthracene  pur^tives,  99 
Anthraciuinone,  99 
Anthrarobin,  103 
Antiarin,  436 
Antiarits  41^ 
Aiiti'l'itt',  ilie  nnsenic,  666 
Andfebrint?,  ^WO,  :480 
AiUiliyiltxrtics,  *i(>8 
Antiriifmiiirttif*!  hvdn»gen,  633 
Antimony,  48,  621,  029 
Antin(»sin,  519 
Aiiiipv'riL'iiL's,  301) 
Aiitii'viriiit*,  -I'lO,  380 
ATitiricill.  T-1 

Antiseptic  sobition,  597 
Aiuii^piifj*,  385 
Antitlionuinp,  369 
Antivvnin.  7^1 
Antozone,  •'>87 
A|Kilaebe  ti-a,  244 
Ajwrients,  94 
A|nK'i«lviiiL-,  lo7,  236 
AtMK'viun,  4y'.» 
AlMX-vniim,  4;i-j 
ApjlywitiL',  370 
A[Hiriii>q»Liiii'.  234 

Aiiiw  re^a,  .")61 

tofuna,  6<>3 
Ainur,  38 

hvf)n>Keni  dinxiile,  589 

iA  volatile  oiU,  70 

roKe,  unKtientinn,  50 
Atpiooiis  preiHinitiontt,  liS 
Anilfin,  47 
ArantUi,  103 
Arhutin,  77 

ArctorttaphyloH  uva  ursi,  77 
ArRentaniinc,  691 
Ancenti  cyaniduin,  243 
Arjrenlic  pn'iKirationts  690 
Ar^onin,  li'.tl 
Arjryria,  tiHS 
Arii'ine,  353  (note) 
Arixt^K'hine,  364 
A^i^tol,  519 


Aristolochia,  57,  50 
Aristolochine,  57 
Annoiacia,  72^  88 
Annoraciae,  Hpir.  co.,  60 
Arnica,  67,  86 
Amiciti,  69 
Afoniatic  bitlere,  70 

elixir,  69 

fluidextract,  powder,  71 

series,  385 

spirit,  70 
Ataenate,  iron,  667 
Aim-ni  ujdidiiiii,  tjl7 

trioxidiim,  616 
Ar*^nif,  603 

antidote,  667 
ArEeniiireUi^  hvdnifj;t.'ii,  616 
Araenous  acid,  lk>l^  ^lU 
Arwiriip,  616 
Antfitjsiii,  120 
AKafcetida,  73 
Asagraea,  334 
Aseptol,  417 
Anbtif  pniJilG 
A-ijiidin,  no 
AHpidinol,  116 
Aspidium,  116 
Afij)i(li«u]ijirie,  3.^2 
Aspidns-iwrHia,  :i52 
AHpirin,  'i86,  414 
Anselme,  722 
A!«tni;^]ii:D,  77 
A^tlrinsenlis  tn^tdLlUc,  624 

vei^table,  H>J 
Atn>[m,  277,  2^JI 
Alropguiiine^  277 
Atttipine,  2;M,  276,  292 
Alrm^^ne,  277 
Attar  of  ro8es  68 
Aurantii  cortex,  67 

vinum,  145 
Aiiri  chluriduni,698 
Azulene,  61 

B-EL  fniit,  59 
BaLsam,  37,  419 
C'ana<la,  K6 
coi>;iiha,  76 
giiriun,  77 
of  Pern,  419 
tmnmatic,  419 
of  Tolu,419 
Rilwiinvxlt'jidriin,  AS 
!  KarhndocN  nuts  ^^  (note) 
I  Itarhnloin,  99 
I  RRriiini,  4:^,  572 
I  Barley,  48 
'.  Raroftma,  77 
linshaniV  mixture,  667 
Rath-s  490 

iron  and  ^(teel,  662 
Benrberry,  77 
Bebeorine,  59 
Bebi-eni  Vwirk,  59 
1  Rehirine,  59 
Beers,  145 
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Belladonna,  276,  291 

plaster,  728 
Bt'UatJonnine,  277 
Et'!lairo|iiin.>,  277 
Bengal  quince,  69 
Benne,  oil  of,  51 
Bt'ci^nt'onitit;,  328,  332 
E4-iiainilide,  359 
Benzene,  33-5,  392 
B4?nKKiitiS',  418 
Benzoic  acid,  3»6,  418 
Benzoin,  419 

Ht.wcRor,419 
Benzoinated  lard,  50 

B*.*n«itpi;nicid._588 

Bt'Tizovk'Cgonine,  208,  306 

BenzuylnHirphinc,  2UI 

Benzt>vlf»eroxldi',  5^8 

Bcrbprinc,  fth.  57,  fiS,  229 

Bergamot,  oiE  of,  68 

Beryllium,  4115  (note),  696 

£eta-«ueAiD«»  310 

Betol,  .^®fi,  412 

Bt'tiibv  nl,  vol,  68,  413 

BhanK,  232 

Biberine,  59 

Bicarbonates,  540,  545 

Bichromate,  699 

Bile,  96,  708 

Bhvh,  i»U  uf,  8^1,  Wfi,  412 

Biflmiiih,  624,tJKS 

Bitter  nlniond^  oil  of,  68,  238 

Bi  tiers  ^7,  65 

Arciui&lio,  70 
Billerswoyt,  347,  3dl 
Bliiok  dmuffhl,  101 

dhiTi,  21t»,  220 

waiHn,  (353 
BiHckhcrrv,  118 
BlAnaVpilU,ti6<i 
Blazin}!;  MLar,  ^17 
Blaichtns:  Tkowdcr,  583 
Blister,  flvmB,  90,  f;28 
Blisttiring  ca)]iidioii,  91 
BI^Kv),  iliemj'Ciitic  use  of,  6^ 
Bl*MM]nH>l,  2t7 
Blue  nim«  ointment,  652 

pill,  652 
Blijmea,426 
BuleliiH  laririH,  297 
Btme  blank,  57H 

nuimfWj  extract  of,  718 
Bone!*,  burnftil,  57S 
Bonicii"  aeid,  678 
Boral,  697 
Borax,  578 
Boric  acid,  578 
Borneo-camphor,  74,  426 
Bomeol,  426,  430 
Bomylamine,  426 
Boroglycerin,  579 
Boupies,  31 
Brandy,  72,  145 
Bmfwfoundera'  ague,  684 
Bratsica,  89 


Brayera,  118 

Bromacetic  acid,  127 

Bromal,  191 

Bromated  camphor,  426,  503 

Bromates,  625 

Bromelin,  707 

Bromides,  600 

Bmiuiintt,  582 

Bramieim,  500 

Bromofomi,  128, 191, 193 

Brnmcl,  307 

Bromuni,  5S3 

Rrooni,  to\m  of,  264 


Brucine,  iy5,  203 
Bryony,  103 

Buchheim'a  claaBification,  42 
Buchu,  77 
Buckthorn,  102 
Btifonin,  435  (note) 
Hufolulin,  43ii  {n<Ue] 
Bnnge'i^  theory  of  m)n,  658 
Burgundy  pitch,  8t> 

plnflter,  J'JH 
Burnett's  KoluLion,  686 
Bill tonhush,  422  (note) 
Butyl  alcohol,  144 

chlnral,  127,  T.K),  193 
Butyliuiiinc,  722 

Butyric  acid,  127 
Baxine,  55,  68 

CACAO,  244,  258 
butter,  31,  40,  264,  727 
Cachets,  41 

Cacodylates,  618  (note) 
Oacodylic  acid,  604 
Oactacece,  228 

Cnctus  Krwniliiliinis,  435  (note) 
Cade,  oil  of,  405 
Cadmium,  701 
Orainm,  41*5 
Caffeine,  244 
t'ajuniil,  ipiL  of,  fiS 
Calurpftr  bean,  195,  320,  324 
OJnlmnnt!.  105,  203,  320 
thIrtrniiH,  70 
Cjilt;ls,  liquor,  o70 
Calcium,  .'>65 

brr»niidL',  504,  572 

t^irlHmale,  571 

chloride,  570 

Rlyi;?erophrii<<phule,  572 

hydrate  570 

hvfHX'rhlarite,  5S3 

hypophoHphite,  530 

lactophnspliflte,  572 

peroxide,  589,  590 

phospbnie,  572 

«ulphii(e,  572»  728 

Hulphide,  575 
CatelaciLmM,  ciuplastrum,  728 
Call  nut,  aaO 
Calomel,  651 
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('aluinba,58 

Oaustic  soda,  545 

C'nhiinbin,  54>,  57 

lou^lunivl,  miO 

Call,  570 

Cajffniiu  ivpftcr,  72 

chlonita,  583 

CephaliiJip  Xi\f 

fciulphurata,  575 

OipWIijs  :t:i9 

C^mbifKia,  105 

CephaLinthJn,  422  (note) 
On,  51.727 

Cainpluir,  426 

com.  tincture,  220 

(;enitt^  m.  40,  727 

numobromatwl,  426.  508 

Ceratiiiii,  '"^l 

Ckmphfirie  ui-id,  43ij,  431 

ciifjjpljor*',  87 

Carupfi-in.l,  424i 

Orberin,  437 

(^naiLi  ^julsam,  8t> 

(Vrium,  ti05                 • 

CdDadtaa  berap*  135 

Otaceum,  51 

mooiMeed,  5ir 

<;etraria,  4H 

Ckuadme,  o-S,  229 

C:4rtnric  a<  M,  48,  59 

Cane  RiiTiT.  ^ 

(Vcrarin,  57 

CafUwMn,  :^2 

CeraililU.  XM 

(:^niabItioL232 

<>TadiIline,  STM 

i  kmubU  tivJK^,  2:r2 

Cevadine,  :m 

Chalk,  571 

■mharis  W 

ChalvU-ttt*:  prvfiarmti^jfiP,  t'M 

CBoacrhoiir  7S8 

0[»>iciziD.  '^  M 

Chtmrmiil*-,  »;7 

'a  I»-j  W.  •^f^vHttl,  450 

f  lianjpaKni',  J  4*i,  -W> 

<a|r.ule^  :il,  41 

(hara^, -.SW^ 

Carawav,  •17 

liHimai^  '>T7 

<art*..  57'? 

(1iaJla,41 

tAjiUur  iod  :>xi.  :^,':i.  35r7 

ChMfavA^fT^  o:$ 

t^tfaft.  57^ 

a»Tkkit72 

l«:tndJ-*vk.]7if 

CStajicukic  a*  ill,  72 

ran»!^:c-,  M*'' 

riinnintliin.  4^J7 

<  ar--r.;'.  :.'.;-i.  ''^} 

C.lMrifamliiiK  437 

s^ss^^ 

Tap:  1.  ■■'-' 

dkelvl^AifiTfj.  ilC 

4ar:^  7'.'7 

Cbeti-vaJ  '-'u.i'iHrJ'in  ar^  wi^jo.  24 

<  .iir.-.-is.:  -all-.  *-;" 

^l^,..:  ^   .i 

«  arT-::-i"i-  —.  *  :l  7:1  74 

OwTTT  Vi/ciaui,  <>?,  riS 

*  nec^jT^a.  ■» 

v^la-  72 

■  -4^4iaa>-e.r>.  -•'*i 

CWiiM.^ic?r.35 

*  ^fnr*.«r«^  4- 

fMi»lH.rtir,0:ft 

*  4_-r  c     .-  T"v 

riijji-^Tn 

<  *.-.-._  - " 

<*jj=i.ji:i..  77 

•  i.-T  ■:■:.•      .-L  -7 

'■tirttj-i^r-  :-^.  V.4 

*  1.-7    ":  ij.. --.  -T 

•"tirrrrt'O*    >4> 

•   !.■•  a  -ft  ^C  -e  / 

<  Virx*^  > 

'  i."-_~_  •w.jt:  xt.  I   • 

'  Tl;--^ju-  '■- 

•  L*  :i  r  j_  * 

'>---rk.»'^  ».".-  :r 

'  i—  ;i  .     .".  "";•!! 

'  Vi  rt    :  :r  .  •*  :  c 

:-"  .*.-'."     ._   .  A 

<\,r*^-.v    r  :<•     '^ 

-_--  ._  :^ 

'X'-n  ■'  --  ii-  iv    .  *     lii 

"  •  'J '  J.  '-^ 

'••.r>.-    r  ;-. 

--.-  ■      :--_   '- 

''■-i*T.—  'rj 

•  _--  .-  -  .  -    '  ' 

't.-f^  r^     r  .-.   ;/; 

i--'  ■'                 ^ 

'  'z  >  f.    ...  ^  ■•    >.'i 

i  .. .  *    '  •  • 

'\,--.v*    i- 

:•..■.:-.      -          V.  >  ...-j-jtt. 

•  \  J  -^  -ii  >-.    -  M-  v.: 

-  ■■ 

**■;!     V. 

,  -     ■ 

''"_•-*'  "J*    Vl 

- 

'  *-. .  »-*:-T-,.     *» 

:     -   " 

'%  ,^v—   •**   ::r    v.  ;"7 

L  ■    ■■ 

'  '-t  .-*'vu*-.  •   >'     >■* 

.  .-                 '       * 

'  >  r  •"jTi.   v.": 

.' 

''V*'  'a-.'  1.42  :r^ 

*  •■ 

■'  "u  -aj-  7"*"     >i     J*. 
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C.'hondrodendron,  59 
C'hondnis,  48 
C'hriHtiuaK  nK4>,  435 
fiimiuk'iK-ii],  64H,699 
diroiiiiiiui,  GWi 
i'h]x>iiH>lhcni|Ktut]f^i,  423 
Chrysirtiliirij  102 
ClirvMiplLunii?:  nckl,  99,  102 
fhrisiJto^Eiii,  473 
(^hnrnis,  232 
C'iciita,  432 
aculoxin,  432 
Clncbona,  X53 

Tei\,  li!y^i  {unta) 
Onchonaminc,  JftS  (note) 
Cincli^rniLlinc,  'ibH 
(.'indioiiiiie,  3&3 
Vm&y\  120 
CinimUlehyde^  71 
CiuDniuic  add,  885,  419,  420 

nJdeltyde,  71 
CintMtiitJinuiii  caf]i])hura,  426 
Ciminni*jri^  *>7 
CUnnanivl-r^xTiiiit,  298 
Cliralt'H;  550 
Citric  EH'id,  5fl4 
CitriDE!  tjinunentj  Go4 
rilnmliwi.  370 
fllniTlii.'-  npl<M"ynthi>s  104 
CUret«,  14r, 

('lassification  of  drupt,  41 
Clavice|)H  purpurea,  472 
Cloves,  67 
Clysma,  41 
Clyntor,  41 
Coal-tar,  405 
Cobalt,  701 
Coca,  298,  306 
Cocaine,  298,  306 
Cuauiii^iition^  intrvpiTuJ,  308 

Hubnnielindd,  30B 
CmMniinp,  ^OK,  aOo 
Coccus,  55 
Cochineal,  5^ 
tVliliana,  7%  88 
Coctii,  244,  2r.S 
tVjtlnimiiie,  "M*** 
t^nleinc,  ]HM\  216,  220 
C<Kl-livcr  oil,  722 
CofTcf,  244,  252 
Corteon,  252 
Cola,  244 
Ci>lcliicuni,  343 
Cold,  8.') 

bath,  382 

cream,  50,  69 

IKick,  318 
ColeoptiT.i,  89 
Colic,  iiiiinter's  673 
Colica  j<i«  liniiuiii,  li73 

Kitimujm,  673 
Collmlla,  :5il,  40,  728 
CollcKlinni.  -"^i,  40,728 

canthnvidiiipi.  728 

(Icxihlc,  728 

styjtticuni,  112,  728 


CoUodium  Tesicaiw,  91,  728 

Colloid  ftul)&ittn«'^'N  45 

iLi  dt'MLiilctmt^  45 
n*  [nir^iilives,  54 
lylaiionii  of,  to  saltsL  483 

CoUoxylin,  728 

Colocynth,  103 

CAltfgiit',  i^u  d>&,  68 

ColophoDjT  87 

Cfjlumbo,  55 

Commiphora,  88 

Coiuiuon  tsilt,  486 

difliiprvswi^  uot-frater,  85 

ConctitiL'orjino,  353  (ui^te) 

CDnduRini^,  57,  59 

Offady'ts  fluid,  591 

Confeotiotieis,  40 

ConhydriDe^  259 

C^niine^  259,  326 

Conium,  259 

C-onJtinctiviL,  npp1icRtinD9  to,  31 

(kmtjnairaijiidtne,  353  (note) 

C-irfH]Uflirs)Liiiitie^  ^V'>3  (note) 

Conquinaniine,  SKi  \nule) 

Coaquinine>  353,  362 

CorivaLlflinann,  435 

C^jnvjiltiria,  -^35 

CoDTolvulin,  103 

ConTolvulus,  105 

Copaiba,  74 

Copaiva,  74 

Copper,  624,  680 
arsenitc,  604 

Coral,  572 

Coralline,  572 

C^arioniTrtlii,  432 

C>qri]incier,  tJ7 

Crtriaria,  432 

CorncncklL',  1547 

CfimHtlk,  77 

Comsmut,  480 

Comutine,  472 

CoroIulk^  435 

Coronillin,  436 

Corrosive  sublimate,  650 

Cotamine,  229 

Coto  bark,  58,  59 

Cotoin,  58,  59 

Cottonrout  bark,  480 

Colloneeed  oil^  51 

(.'olichjfrjiiis,  48 

Cfjunter-irritrtlum,  78 

C-ourt  plotter,  "i!8 

Crants^ljill,  113 

<.'re<le'»  colloid  silver,  691 

Creolin,  400 

C>et«ol8,  386,  407 

Creosote,  387,  406 

Cn^il^'l,  ^Si\  412 

CrtfH.I,  iiS'.;.  399 

Crvmitiiiic  aeiil;  386,  417 

Creto,  571 

pulv.  cum.  opio,  220 

Crocus,  55 

Crotin,  721 

Croton-chloral,  127,  190 


^^^^P                                       ^^^^H 

^H      Crotoii  i>il,  97 

DigilalLs  435 

^H     CmtonoliMo  acid,  *J7 

cnmpariMHi  with  Hconitc,  338 

^M     C'ltitoii  tigliitm,  79,  9P,  721 

with  anlipyrelicf,  :i>H3 

^H     Cnicifcnr,  oils  of,  (}1,  72,  88 

I>iKit»niii,  47,  436 

^B     Crriitonine,  20U,  218 
■     (•u'^l.in,7J 

Uiuilophyllin.  436 

IHjdtcixin,  4;t6 

H     Culwbs,  74 

niliydrtjiutidine,  722 

^™      Cucumber,  wiuirting,  103 

Dill,  (i7 

[           riH'iirbiui,  I'Jtl 

nionen,  707 

^—^     OiIvcHb  nmt,  105 

Dioniiu',  216 

^H     Cuimilative  etlects,  28 

Dii><iplu'ntil,  77 

^H    C'tipnitin.  <'»k:i 

Oinxide  of  liydroKvn,  687 

^^M    C'liprva,  3o3 

l>ipter(X'jtri>U8  aUlii^  76 

^f     Cuiiric  ^ulplmlc,  082 

MWs,  10 

^^     Cupnihu-miil,  Hij2 

IHmmm.-,  tfTecl  of,  on  dc«e,  29 

C'um^iw,  72 

Disinfvctants,  385 

Oimra,  2M,  320 

I 'bwHtiation  of  silii^  484 

t'lirarinc,  254 

IHlcrpcnt*!*,  61 

L      <.*iml  Boap,  727 

[fiurelin,  251 

^ft     Citriiie,  254 

PoRwood,  422  (note) 

^H     Ciirrioi-'K  HuniAch,  432 

r>i>m>van'K  Miliilion,  617,  651 

^H     CiLtcatuidinc,  35:i  (inUe) 

l>orvnui  amnion incuni,  87 

^H     Ciit(i:tuiiitu%  35^)  ( iiutf) 

r_K.nniol,  191 

^H     C'littconiriifm,  353  (note) 

!>»*,  cttndilions  niodifring  the,  25 

^H     C'u!«(XH)ine,  353  (uotu) 

Povfr'B  in.w.k-r,  219,  2'JO,  342 

^M     Ciupariii,  59 

Dnialics,  94 

H      Cu»o.  1 18 

Dropwort,  wat*:r,  432 

H      Cutol.  697 

Drowru,  7(l7 

H     Ciittlcrifili.  572 

Drugs,  17 

^H     Cyani<1e^  23H 

action  of,  20 

H     Cvanofren.  238 

clieniical  ctmrnrtcr  of,  34 

H      Cyrlnna-n.  347 

clBi«iliaitiun  uf.  41 

^      CynootoniiH-,  332 

c«ji)diti(>nit  nuHlifyiuK  tbo  e0bct  of,  26      | 

1             CypriiNMiium,  Ti? 

diTinition  of,  17 

^^     C^tUus  scu[)Arius  204 

elective  aJtiniiy  of,  22 
DrTobalanop'i,  426 
DiyoiJteris  bUx-ma«,  117 

m 

V     T\ANDKLION.  58 

U     l>aiilme  iiifwreum,  96 
Daiuni,  277,  2Ul 

^^^B 

CHiboisia  UopwiKxIii,  200 

^^^^H 

niyo|Min)ide»s  277 

^^^H 

Ihiturinc",  277 

Ihiboiflino,  277 

^^^^H 

Dvad  tonf^ne,  432 
DeadW  niKhuthade,  277 

Ihitcniiuim,  347 

^^^H 

Dulcamnrinc,  347 

^^^H 

iVtotin,  39 

Fhilcin,  55 

^^^H 

Decoclionft,  39 

Dustinfifp^wdeiii,  53                             . 

^^^1 

DpKt'ni*rati"ii,  frttly,  .591,  593 

Yhcs.  aniline,  -l:^                                1 

^^^^H 

Delirium  tremens,  160 

1 

^^^^H 

Pflpliiniimi,  328 

P.t^^TON'S  «vnip,  363 

Hi     Kttii  de  cologne,  G9,  145 

^^^H 

iX:m(ilcenU,  45 

^H 

IK-prvssiiin,  depivwAinti*,  20 

EcbalUum.  105 

^1 

[Vrivatioii^  theory  of,  78 

Kcctjprotic,  04 

^1 

IX-rmatal,  fifl4 

I-k'goninc,  276,  298,  3mj 

^1 

IVrmol,  695 

KffcclH  of  drugs,  coriditionri  nfTccting, 

25    ■ 

iK-'Xtrins,  45 

Ktlerveacing  purgalivcs,  537 

^1 

Diiicetylperoiidc,  588 

Eigon,  516 

^H 

Diachvlnn  uinlmenl,  50 

EUiftticft,  728 

^^1 

piaster,  677,  728 

Elalerin,  103 

^^^H 

Oi»teM,  707 

Klaleriimi,  103,  105 

^^^H 

nidyiiiium,  495  (not*) 
Dietlivlendiamim',  549 

KIderilower,  67 

^^^H 

KIcctivc  iifRoily  of  drugs,  22 

^^^H 

I)imi!>'ioM,  481 

Ele^iunrii-3,  40 

^^^H 

HtuuDic  attid,  112 

KIcmi,  SH 

^H 

1            IHKEstive  fermentii,  705 

Klixirv,  30 

^1 

IHeitAlein,  436 

aruraatic,  68 

^H 

DilciUilin,  430 

Kim,  ulippery,  47 

^^^B 

OiKiuilinert.  451 
LHgitaliresm,  432 

Klu'nptene,  61                                        , 

^^^^B 

Embrocatioius  40                                  1 

1 
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Emetics,  237 

Kniftini',  339 

Knioilin,  9t) 

KinolUcnto,  49 

Kmplastra,  30,  41,  727 

Kinplautrurn  calefacicns,  91,  728 

Kniulsa,  39 

Kniulsin,  48,  67,  238 

Eniiilsioiw,  32,  39 

KmlcritJili",  '^i 

EhjeiiiA,  lit,  41 

'EjiiucpliriTH^,  4lln,449 

E[«mii)  j**  It;*,  536 

ErHiiiii,  4Mb  (note) 

Erpx-'hi^'sin,  473 

Ergot  J  4i2 

EfKotin,  477 

Erioolin,  77 

£ri|:t.'ri>[i,  oil  of,  68 

ErrhtnoH,  31 

ErytJ"^!  U>tmnilrale,  464,  469 

Erytlinijih^i'tue^  436 

Entiimphl'i'um,  435 

K^rviVniKvIiin,  30(i 

Etvrir  t>p  :t20 
EwenotH,  71 

nf  vnlntik'oils,  69 
Em'iiLij\[  oil^  61 
EHters,  127 
^[wr,  71,  126, 153, 177 

aci'tic,  71,  180 

nitric,  464 

nitrous,  464 
Ethen«al  oils,  61,  86,  387 

KaltH,  127 
Ethvl  alcohol,  126 
'bnmude,  128,  178 

carbamate,  193 

chloride,  177, 179, 181 

ether,  127 

nitrite,  65,  470 

iisiilc,  177 
Etkyleiic  bronilde,  178 

chlortiltv  1-7,  177 
Elhylidcrre  thlnride,  127, 177 
EibvlmoiTfUinet  2lil* 
EuiTiine,  3in 
Eiu-ailVj»ti  pfiiJiiini,  113 
Eiifslypi«)I.Ti\4ai 
Eticiilvpms.  tUi,  67 

<.U  ..f.  t>S.  401 
Eutloxino.  '►!'.»,  695 
Eu.wnol,  71 
Etinivilrine,  2111 
Euoilvinin,  103.  437 
Euonynuis,  103.  U>5,  437 
Euphnrbin,  03 
Euphoriii,  370 
Knipiinine,  3tV4 
EuMpbcn,  510 
Kim»ti»ni  orva*'.  70S 
Kxalu'inc.  3ti'o,  -WO 
Kx.-lin.  U»-J 

K\iHvtonints,  nauM':i(ing,  237 
Kxiracts,  40 


Extracts,  animal,  710 

fluid,  liquid,  39 
Extractum  aromaticum  0uidum,  71 

FABIANA,  77 
Fats,  49 
Fatigue,  255 

FhUv  ilugfiiL^miifjn,  591,  593 
Fet  tavis,  710 
Feimel,  67 

Kernieiitfs  digtstivo,  705 
I'Vrratin,  0G8 
Ferric  ppeiiaralianii,  664 

Balls.     ^Slrw  Iron. 
Furrocyanidi*,  239,  r»3(J,  539 
Femniri  pri*pnrnlie»n?s  OfU 
FtTruginoiL'i  [trfiiikntiioDs.,  665 
FeJiilii,  73 

^Ibanum,  87 

FiftH,  54,  707 
FiUcic  acid,  116 
Filix  ma*,  116 
FllBvaspidtc  oetd,  116 
Flaronng  siilxtaiict^s,  54 
FkejtiWe  colKxiiuii,  728 
FlowoFB  of  sulphur,  576 
Fluorides,  52t 
FJyingblbttT,  92 
F>ijmculuiii,  67 
Formaldehyde,  423 
Formaline^  423 
Fonimtes,  ^350 
I'omiic  acid,  563 
Fowhys  s*dMlii>n,  617 
Foxglove,  435 
Frangiila,  i»9,  102 
Fran^ulin,  99 
Fmnfcineeninti,  85 
Friaya  balsaiti,  419 
Fntit  juices,  559 
Fnimtiiii,  itpirtttis^  145 
FiilL-r's  earth,  53 
Fuoiigatioii,  njercuriftl,  648 
Fu&el  oil,  144 

GADUS,  722 
(inUaiuuiii  73,  87 
Galipine,  59 
OaWa,  113 

I,  ■all^Ht-'ttiipLt^iioiie,  403 
^IriHal,  6^*7 
iinlUcacid,  109,112 
iiumbir,  112 
t  ;ftjiiln>cei  103 

(iarcinia,  105 
Gargnrisnia,  31 

GaiKle,  31 
Gas,  lan^jhing,  182 
(laultheriie,  oleum,  68,  413 
CJelatio,  669 

capsule,  41 
Gel-^raine,  195,  202,  263 
Gelwmium,  259,  263 
Ctenenil  action,  23,  31 
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General  aiuEStfaeticfs  153 

Genito-urinarj  disinfectants,  oUa  used   as, 

75 
Cientian,  58 
<ieranium,  113 
(Tignrtina,  48 
(vila  monster,  721 
(Jin,  72,  145 
Gingcit,  tin,  72 

land  <e'Xlmct««,  711 
Glnodals  Biipmrenalefl,  462 
<(tj  tuber's  suit  J  530 
(vlucose,  54 
(Tliieortii  BVnipdaj  54 
Oli)C0Hule»,  36 
Gluflidnm^  hh 
Uijoerin,  40,  51 

U-miimte,  4(1-1^  469 
GlTTCcrileH,  40 
(ilyceritdm  aruyl,  51 

vitolli,  51 
G!ycerf>pbos]>hatt«,  539 
(itvcerrlifi  nitraa,  470 
Glycol;  120 
GlycosidcM,  3fi 
(ilycyrrhiza,  48 
Glycyrrhizm.  48 

<>oa  powdt:r,  102 

(iold,  698 

<T<>lden  seal,  229 

Gonolobus,  59 

Goritc,  589 

Gos[iyi>ii,  railiaifl cortex,  480 

sf  minisj  01,51 
nnijbirJ'ioictnif!^  cerate,  lotion,  677 
Grtijuituiti,  19 
Gr!»[w  cure,  59 
G  my  oil  J  (^1)3 

powdtT  tt52 
Givena,    Schet?le\    Schweinfurt'a,    Paris, 

604 
Grt^ji-uVs  powder,  100 
ih^y  oil,  653 

powder,  052 
Griffith's  misldrc.  666 
Guniarol,  3Ht>.  4ii7 

carbonate,  380,  407 

salol,  412 
Gimiacuro,  87 
<iiiarana,  244,  251 
Gum,  37,  45 

arable,  47 
Gum-resins,  37 
Gun-cotton,  728 
Gurjtin  Iwibflini,  76 
Gymnema  silvtyljv.  302  (note) 
Gymneinif:  iicid,  302  (note) 
Gyn<_»CHjnlinif  1)3 
Gv]fww.>phil:i,  T^IT 
Gyi«um,  672,  728 

H.r.MATCKJEN,  068 
Ila^matoxylon,  113 
Hn'ino^niUnl,  ()4>9 
lla>moglobin,  069 


Hemol,  669 
Hagenia,  18 
Hamamelis,  113 
Hard  soap,  727 
Ilamack's  exj^riment,  323 
Hartshorn,  spirit  of,  552 
Hashish,  232 
Heat,  86 

iU'iivy  inLtuLs  621 
lU'dc'oaia,  07 
liedanal,  127,191,193 
HtUtlmre,  l^n?en,  white,  334 
Hellcbofcin,  430 
Helk'lKiriia  nipur,  435 
llelo(ternm,  721 
HemideriinuA,  3->l 
Ik.ml(K^k,2fj[J 

vfBter,  J  32 
Henir>,  Canadian,  435,  452 

Indian,  232 
Heribane,  277 
Uc^par  sulphinl'*,  575 
Hesperidin.  ijlt 
Hetemxftnthine,  344 
Henamt'lliy]i?imni]i*f,  425 
Hexylamine,  722 
Hock,  145 

HulTmmin'B  anodyni^;,  180 
tluUxaine,  31  i 
IIoQiatropine,  277,  2!>0 
HoniuctH'flrame,  2ll8 
Homocheltdonine,  ^27 
HoinodnrbnTiiditif,  ■l-'>3  (note) 
Honiois^x-odirnLue,  S'I'D 
Honey,  39,  54 
Hope,  68 
Hordeum,  48 
Horehoimd,  67 
Horaeradish,  69,  72 
rilnl  c<niipa"V'i*t*,  SO 
Ilmiiida'*^  no 
llunyjidi'jiniirwj  .)37 
Hyd  nijjn^'in'y,  1*4 
Hvdnirj^nnn,  010 
Hydniiitne,  229,  21(0 
nvdrai*titi]nef2*i9,  230 
FIvdrBslLH,  229 
Hydrates,  540 
Hydrifxiie  ucid,  olO 
HydrobiTiniie  acid,  WM 
llydrocliloricacid*,  oOl 
JIvdrfx'inchoniiie,  3.'i3  fnot^r) 
Hydn-iootnniine,  2Wi,  217 
Hvdnx^vanic  acid^  238 
nydfnfluow  Sfid,  521,502 
Hydro^n,  antimoninroitoti,  633 

arseniiineUe*!,  010 

dioxide,  587 

ton,  555 

peroxide,  587 

ph(KiphutvUrtl,  '>!'2 

HiilpJiunHtLft,  ''»7'i 
HydriMnimidiiK?^  3.W  (note) 
ITydnMiuinine,  353  (note) 
Hydro<juinone,  77,  385 
Hydrwiulphuric  acid,  575 
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ITygrine,  299  (note) 
Hyoreine,  276,  289,  292 
Hyoscyamine,  276,  288,  292 
Hjoecyamus,  277,  291 
Hypertonic  solutions,  482 
Hypnal,  192, 369 
Hypnone,  127,  192 
Hypnotics,  186 
Hypochlorites,  583 
Hypodermic  injection,  33 
Hypophosphites,  630 
Hypophysis,  extract  of,  718 
Hypoquebrachine,  352     ■ 
Hyposulphites,  629 
Hypotonic  solution,  482 

ICELAND  moss,  48,  59 
IcythyocoUa,  728 
Ichthyol,  387,  407 
Idiosyncrasies,  27 
Ignatia,  195 
Ilex,  Paraguay,  244 
Immilnity,  28,  720 
India-rubber,  728 
Indian  com,  78 

hemp,  232 

tobacco^  275 
Indirect  action,  23 
Infiltration  ansesthesia,  307 

fatty,  592 
Infundibular  body,  718 
Infusa,  39 
Infusions,  39 
Ingluvin,  707 
Injection,  hypodermic,  33 

intravenous,  34 

subcutaneous,  33 
Insect  poisons,  721 
Internal  secretions,  710 
Intestine,  absorption  from,  32 
Intraspinal  cocainization,  308 
Intravenous  injection,  34 
Inunction,  33,  646, 653 
lodalbuniin,  716 
lodates,  525 
IiKltdes,  606 
Iwline,  513 
lodipin,  616 
Iralism,  506,  514 
Iodoform,  517 
lodol,  519 
lodolen,  616 
lodolum,  620 
lodosiKjngin,  716 
lodnthyrin,  711 
lodum,  515 
Ions,  484 
Ipecacuanha,  339 
Il>ecacuanha?  pulvis  Co.,  220 

cum  scilla,  pil.,  220 
Ipomoea,  106 
Irish  moss,  48 
Iron,  624,  655 

arsenate,  617 

hypophmphite,  530 
Irritants,  20 


Irritants,  skin,  78 
Irritation,  20 
Isinglass,  728 

Isoamyl  alcohol,  tertiary,  126 
Isobutyl  nitrite,  468 
Isococamine,  293 
Isolichemn,  48 
Isonitriles,  239 
Isopelletierine,  119 
IsopUocarpine,  311 
Isopral,  192 
Isopunicine,  119 
Isoquinoline,  35,  262 
Isotonic  solutions,  482 
Urol,  691 
Ivy  poison,  92 

J ABORANDI,  311,317 
Jaborine,  311  (fiote) 
Jalaps,  105 
Jalapin,  103 
Jambul,  725 
Jame^  powder,  633^ 
Japaconitine,  328 
Jasmine,  yellow  or  Carolina,  263 
Jateorhiza,  58 
Jatropha,  97  (note) 
Javeue's  solution,  583 
Jecoris  aselli,  oleum,  724 
Jequirity,  721 
Jervine,  334, 339 
Jesuit's  drops,  419 
Juices,  40 
Juniper,  empyreumatic  oil  of,  405 

oil,  68 

sabina,  86 

tar  oil,  405 

KAIRINE,  369 
Kairoline,  369 
Kali  nut,  320 
Kamala,  120 
Kaolinuro,  53,  727 
Ration,  484 
Kava-kava,  73 
Kelene,  179 
Keratin,  727 
Kermes  mineral,  633 
Ketones,  127 
Kino,  113 

pulvis  comp.,  220 
Kirscbwasser,  72 
Kola.  244 
Kombe,  435 
Kosotoxin,  118 
KousBo,  118 
Krameria,  112 
Kresamine,  400 
Kryofine,  370 
Kununel,  72 

LABARBAQUKS  solution,  583 
Lactates,  650 
Lactation,  medication  during,  26 
Lactic  acid,  564 
Lactophenine,  370,  380 
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Lactophosphate,  572 
Lactose,  54 
Lactuca,  234 
Lactucarium,  234 
Lady's  slipper,  67 
LamelUe,  40 
Ijanichol,  50 
Lanolin,  50 

Lanthanum,  495  (note) 
Lanthopine,  206 
Ijappaconitine,  332 
Lard,  50 

oil  of,  51 
Largin,  691 

L'irvnx^  itppUcatinn  t<^  31 
LaiiJunlm-,  20n,  217 
Lftiidnnosiing,  206 
Laiidaniini,  219,  220 
IjiiiijI^biT]^  gas,  132 
Uur^'l,  ()7,"238 

csiiiiplior,  420 

leaves,  67,  ii38 

water,  69 
Laurocerasi  folia,  67,  70 
Ijaurocerastut,  238 
Lavender,  oil  uf,  68 
Xia:xative,  94 
Lead,  624,  670 

iodide,  51 

jialsy  and  arsenic,  607 

plaster,  728 
Lemon,  67 

eH>4entiaI  salts  of,  5G4 

juice,  564 

oil  of,  68 
I^piatuim,    O-'i 
Leptandrin,  103 
I^ettuce,  234 
Ix'vant  wormsoed,  122 
Levifo  water,  617 
Liclieniii,  48 
Lilv  nf  the  valJev,  435 
Lirms  fift4,  570 

rlilorinult.'tl,  h^ 

hytrnpliofipliitt'i  530 

phiwphate,  carbonate,  53 

Kulpliunite<l,  575 
Linumis  cortex,  67 
Liiii  uU-uu),  51 
Liniments,  40 
Lininientuni  camphonp,  86 

clilnn>f<trmi,  86,  180 

Sii|H)niK,  80 
Linseed,  47 

oil,  51 
Linuni,  47 
l.i|Kinin,  723 
Ijipn'rirs,  67,  71 
l.ifjuidainliar,  419 
l.tquidextnictK,  39 
Litpior  nniir^-ptirufs  579 

cpispiisticus  91 

liydro^enii  dioxide,  689 
Liinion*s  39 
Litpioriiv,  48 


Litharge,  677 
Lithium,  495 

benzoate,  419 

bicarlwinale,  545 

bromide,  504 

<mrboimte,  545 

citrate,  536 

hyrlmte,  546 

snijcylato,  413 
Liver  of  aulphufj  576 
Lizard,  |K)ia(mouft,  721 
Lobelin,  275 
Lobeline,  S66,  275 
Ldcahivtioti,  23 

ami.-!}the&iji,  180,  307 
Logwood,  113 
I^retin,  519 
Lti$opliati,  579 
L<jtioii!i,  39f  653 
I>izenp<.'s.  31,  40 
LugYiT^  M'liution,  515 
Lunar  lanisntiis^  (^►0 
Lung^  atMirptioii  from,  32 

adtuLuiiStnation  by,  30 
Lupine,  2G4  (note) 
Liiplnine,  264  (note) 
LijjHilin,  58 
Lupulintc  acid,  57 
Lu]niIuH,  58 
Lvcaconitine,  333 
Lycetol,  549 
Lycopodium,  53 
LyBitline,  549 
Lysol,  400 
Lylta,  89 

MACE,  08 
MagiMterium  biamuthi, 
Magnesia,  5.'i6 

duid,  536 
Ma^esiiiin.  535 

carbonate,  536 

chloride,  5:^ 

citrate,  530 

oxide,  530 

peroxide,  590 

Ha1tA,535 

sulphate,  536 
Maize,  t8 

fnngas  of,  480 
Malakine,  37<»,  :^  412 
Malati-s  5:^ 
Mall'  fi.m.  1E6 
MallLlus  120 
MalonateH,  554 
Malt,  .54 

enzrme,  707 

extract,  707 
I  Maltine,  707 
I  Mriilijsyniie,  7tl7 
i  Mfimlrapmi,  277 
M*ndrQp?iit-ini%  277 
Mmdnke,  277 
Mangnne^^  70(1 
MnnyTini  diuxiiliffd.  700 
Manicbeel  tree,  93 


744 


INDEX. 


Mannitol  hexanitrate,  464 

Marrubiuni,  67 

Marsh  mallow,  47 

Massa,  40 

M;isticlie,  102 

Mat€.  244 

Materia  medica,  detioition  of,  19 

Matico,  76 

Matricaria,  67 

Maydis  UBtilago,  480 

Meals,  induence  of,  <m  dofie,  26 

Meconic  acid,  206 

Meconidine,  206 

Medicated  waters,  38 

MedicatioD,  local,  30 

Mel,  54 

McHita,  39 

Menispermum,  55 

cocculus,  431 
Mcnst  Illation,  26 
Mentha,  67 
Menthane,  426 
Menthol,  71,  426,  429,  728 
Mercurial  ism,  637 
Mercury,  621-628,  634 

iodide,  510,  651 

sozoiodolate,  519,  654 
M&K)tan,  416  (note) 
Metacresol,  399 
Metadinitrn benzol,  421 
Metals,  heavy,  621 

mmor,  698 
Metaphosphates,  535 
Methacetine,  370 
Methyl  alcohol,  144 

bromide,  179 

chloride,  181 

coniine,  259 

hydroquinone,  77 

morphine,  216 

salicylate,  68,  386,  412 

strychnine,  258 
Mcthyl-arbutin,  77 
Mcthylal,  127 
Methylainine,  499 
Methylatropine,  291 
Methviene  bichloride  178 

lilue,  423 
Methylis  salicylas,  413 
Mothylthionin,  423 
MeveiOverton  theory  of  narcoeis,  20,  1^, 

100 
MczL-ul  button,  228 
Mczculine,  228 
MczcrtMini,  92,  93 
Milk  of  lime,  571 

siipjir  of,  54 

of  sulphur,  576 
Miiiderenis,  sjurit  of,  553 
Mineral  waters,  576,  582,  668 
alkaline,  547 
iron,  666 
Mint,  essence  of,  72 
Mistiiw,  ;i9 
MilhriiliitiKm,  27 
Mitigated  caustic,  690 


Mixture,  39 
brown,  48 

Molasses,  54 

Molybdenum,  701 

Monkshood,  328,  333 

Monobromated  camphor,  426,  603 

Monochlorphenol,  386,  397 

Monsel's  solution,  665 

Moonseed,  Canadian,  69 

Morphme,  206,  218 

comparison  with  antipyrine,  383 
poisoning,  atropine  in,  295 

Morphinism,  225 

Morpholine,  206 

Morrhuse,  oleum,  724 

Morrhuine,  722 

Morrhuol,  723 

MoBcbus,  431    I 

Mouth,  adminifltratitm  by,  30^  31 

Muawine,  437 

Mucilages,  39,  47 

Mucuna,  320 

Muriatic  acid,  561 

Muscale  buttons,  228 

Muscarine,  311,326 

Mushrooms,  311 

Musk,  74,  431 

Mustard,  72,  88 

Myoctonine,  333 

Myristica,  67 

Myronate,  88 

Myroain,  88 

Myroxylon,  419 

Myrrha,  88,  102 


NAPHTHALAN,  387 
Naphthalene,  385,  402 
Naphtalol,  412 
Naphthvlamine,  421 
Naphtol,  385,  403 
Narceine,  206,  217 
Narcosis,    MayerOrerton    theory    of,   20, 

127,  166 
Narcotics  of  methane  series,  126, 186 
Narcotine,  206,  217,  229 
Nectandne  cortex,  59 
Neriin,  436 
Neriodorin,  436 
Neriura,  435 
Neroli,  oil  of,  68 
Neurodine,  370,  380 
Neuronal,  193 
Newt,  432 
Ngai-camphor,  426 
Nickel,  701 
Nicotiana,  266,  273 
Nicotin,  266,  326 
Nightshade,  black,  347 

deadly,  277 
Nitrates,  464,  527 
Nitre,  528 

sweet  spirits  of,  469 
Nitric  acid,  560 

ethers,  464 
Nitriles,  239 
Nitrites,  464 
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Nitrobeniol,  420 
Nitro-bodies,  464 
Nitroethane^  464 
Nitroglycerin.  464,  «9  ^ 

and  digitalw,  456 
Nitrohydrochlonc  acid,  561 

Nitromethane,  464 

Nitrous  ether,  464 
oxide.  182 

None,  application  to,  31 

Nosoplien,  519 

Nutrgall,  113 

^:r&rWo«s97(n».e) 

purging,  97  (note) 
Nux  vomioai  1^^ 

OAK  BARK,  white,  113 
poison,  92 
Octane,  126  ™  190  145 

(Enanthic  ethcw,^  i%  l^i  *«> 
(Knanthdtoxin,  432 
CKnanlhylates,  550 
Oil.     .See  Oleum, 
cod-liver,  722 
cotton-«e©d,  51 
fusel,  144 
of  roses,  67 
Oils,  49,  51 

eHEicntiAl,  ol 
ethereal,  61 
purgative,  97 
volatile,  61 
Ointniente,  30,  40,  50 
Oloa,  51 
()l«inder,  435 
OU-andresin,  43Z 
Oleandrin,  436 
OleateR,  40 
OU'ites,351  . 

01eore«in  zingibers,  w 
OkHireainft,  37 

Oluum  adipls  51     _  „  «-« 
ainygdalne  amane,  67, 3K» 

exprciwum,  51 
anethi,  08 
aniw,  68 

aurantii  flonim,  bo 
U-rgamottff,  68 
hi'tulw,  volatile,  68,  41^ 
catiinum,  405 
rajuimti,  68 
carm,  68 
caryophylli,  68 
chenoi>odii,r24 
cinereum,  653 
pinnamoiuij  (>8 
coi>Jiil«'»_"'* 
ciiriandri.  68 
cr(>loniH,  97 
culK.'b(p,  76 
erigerontis,  68 
om-alypli,  68 
fu'nicmi,  68 
g;iulth.'rias  *W..'*12 
guMtypii  Heniiiiws  51 


Olemn  bedeomie,  68 
iecoria  aaelli,  724 

UvanduiK  donim,  68 
Umonis,  68 
Uni,  51  - 

menthiB  pipente,  68 
virioia,  68 

morrhuie,  724 

myrde,  68 

myristicK,  68 

olivw,  61 

phoBphoratum,  601 

punentee,  t» 

'  •     •     off 

ncrni,  vi 


ronnanni,  o» 
sabins,  68,  86 
Mntali,  76 
fofliaf  ras,  68 

MiiapiB,  volatile,  89 

terenimhinff,  86 

theobromatis,  727 

thymi,  68 

tiglii,  97 
Olive  oil,  46,  51,  723 

Oophorin,  719 
Ophelic  acid,  58 
Opianic  acid,  229 
Opium,  206  ..    .  no 

Orange  flowers,  oil  of,  68 

wine,  145 
Ordeal  bean,  320,  324 
Orexine,69 
Organic  acida,  OW 

iron,  655      .      ^,. 
Organotherapeutics,  t  lU 

Orphol,  695 
i)r5>iment,  603 
Orthocrewl,  ;^ 
Orthoform,  310 
I  OrtliophoBphates,  635 
<)«cine,  276 
OBmic  acid,  702 
OBmofli^  482 
OBmotic  pretwure,  4iw 
Otto  of  nwes,  68 
Ouabaio,  435 
Ourouparin,  112 
Oxalates  653 
Oxalic  acid,  564 
Oxgall,  710 
Oxybenioic  acid,  417 
Oxygen.  586 
o/yniel,  39,  54 
Oxvnaphtoic  acui,  .Ww,  4W 
Ox'ynarcotine,  206 
Ozone,  586 

PACK,  hot,  cold,  318 
l»alinitatcm  550 
I  l*al«v,  i«intcn*',  «J73 
I  l*anama  bork,  3;il 


^^^^^^^^^^^ 

I*ttnrreft.''j  ox  tract  of,  718 

Pharmacol  ofpcal  actionand  cheniical  strad- 

IMncrtatic  ferment,  706 

uro,  24 

Pancrvntin,  7lMi 

Pharniaoolog}',  deGnition  of,  and  reUtioDs 
to  biology  and  clinical  subjecU,  17-19 

Ihinnic  acid,  116  (note) 

Pbuiiii,  707 

Phamiacopceia,  37 

Riliiga,  707 

PhannacT,  19  ^^M 
PheasHiit^K  eye,  43-5                                  ^^1 

IhipaTenuninc,  206 

Piipaverine,  206,  217 

Phonorctinc,  370,  380                              ^^H 

Papaveris  i-a]it«ilie,  220 

Phcnnnllin-n,  206                                       ^^1 

Papaver  rhtPAH,  55 

Phenaione,  380                                           ^^1 

mmiiifenim.  206 

Phenetidincft,  370                                     ^^1 

Pai»ayotiii,  707 

Pbejietol,  386                                              ^^1 

Papera,  41 

Phenwoll,  370,  380                                 ^H 

Pnpoid,  707 

Pheii.M.  3K.5,  3l»3,  397                                 ^H 

Panicotoino,  58 

Phenylhydrazinc,  369                              ^H 

Parac»^«>l,  3W9 

Phenvlis  Knitcylus  '^^^                               ^^H 

I'amffin.50 

Pbluiylln,  72o                                                 ^H 

PuiLfonu,  -124 

Phloridzin,  725                                                ^^H 

PftraKtiay  ten,  244 

Photipbates,  535                                        ^H 

Panildehyde,  127,  189.  m 

Pbotipbidnni  eino,  601                               ^^M 

l*nniljrtiH,  definitiiin  of,  21 

Phosphine.  t>01                                            ^M 

«"nd  faii(nie,  relaiitm  between,  266 

Pbosphorated  oil,  601                                ^^H 

Pnrninidnphenol,  ;170 

PhnHphoric  acid,  5(i2                                  ^^H 

Parnxnnthine,  244,  2d2 

PboRphonis.  :m.  mi                             ^H 

Ptam!i>ri<\  219,  429 
Pftreira,  59 

DeaquiMilpliide,  593  (note)  ^^M 
PhoRphuretted  hvdrogen,  592                   ^H 

I^irilln,  jft'llow,  .50 

Phymwlignm,  320. 324                                 ^H 

I»arillin,  347 

Phvsoatiginin,  320,  324                            ^H 

PhrU  ifreen,  604 

Ptiytolacca,  434                                           ^H 

ploKter  of.  572,  728 

Phytolaccatuxiu,  '132  ^^H 
Fidii,  77                                                    T 

Palhuloiricn]   conditions    mcMlifviue    dose. 

29 

Vic'is  liquidie,  oleum,  405                                I 

Paullinifl,  244 

empbwtnmi  cBntbaridatum.  91,  "28      1 

pAW|)aw,  707 

Picnpna,  58                                                      ■ 

Pnjta,  352 

Picric  add.  421                                             ^J 

Paytaiuno^  .1.52 

Picnvconittne,  328                                     ^H 

Pearson's  sulution,  616 

Picropoduphvllinf  103                               ^^H 

Pellelieriiie,  119 

Picnxln,  431'                                            ^H 

I'ellitorv,  72 

Picrotoxin,  431                                         ^^M 

Pfllote,'22J^ 

PilLs,  40                                                    ^H 

Pennyroyal,  67 

catbartic  regetahle,  105                    ^^H 

oil,  07 

comtxtnnd  catbartic,  105  ^^H 
Pilo(>.'irpidine,  311  (mMu)                           ^H 

Peiital,  126,  178 

Pentane.  126 

Pilocarpine,  311,  326                                  ^H 

Pepo,  120 

PilflcarpiiH,  311                                            ^H 

Pepiier,  72,  93 

Pilulfe,40    ^                                                 ^M 

black,  72 

(^tbartic  vt^etable,  105                     ^^H 

Cnyenne,  72 

cumpoAitjp,  105                                 ^^H 

Peppenuiiit.  67 

I'iriR-nta.  67                                                 ^H 

oil  of,  68 

Pinti)en]('l,  ftcnrlct,  707                              ^^M 

Pc'ptiin,  705 

Pimiiincllii,  67                                            ^^H 

Potisiniim,  705 

i'incnpplt',  707                                            ^^^| 

Pemridn,  588 

I'ink-rtMit,  123                                              ^H 

T'erchloratos,  52S 

Pinufs  86,  405                                              ^H 

Perclilf>retham*,  179 

Pijier,  72                                                   ^M 

PtTiimngnnateH,  589 

nnRUKtifoHum,  76                              ^^H 

IVnminn  21 R 

cubcto,  75                                         ^^H 

pLTiixide  uf  hvdroKen,  587 

Pipcmziiie,  549                                           ^^H 

IVroxides,  589 

I'i^^ridine,  72,  259.  262                             ^H 

Pemxliiie,  589 

ri}hi'ririe,  72                                                 ^^H 

PervnlphoU^,  r,H9 

Pipirinic  acid,  72                                        ^^H 

Peru,  balsam  of,  419 

Pi[)«i>»M?wit,  77                                             ^^H 

Pftmlntc,  50 

Pitcb.  HnrKundr,  86,  728                        ^^1 

Petmleiini,  50 

j]|a.sti'r,  8&"728                                    ^^1 

IVy..(l.  228 

PlKirmamsntwy,  19 

Htun,                                                      ^H 

.  A        k 

^V                                                 IUDSX.                    ^^^^H 

747       1 

Piturin,  2fi<5 

Powilc'R,  40                   ^^^^^ 

^J 

Pix  RiirKunilicfl,  8G 

blfiiL'binfr.  f>fi^ 

^^^H 

1-arboiiis  nrid  l)(|uuln,  405 

duftting-,  53 

^^H 

PUfttern,  iU),  4i,  7->7 

Seidlitx,  537 

^^^H 

wiiniiing,  Ul 

Precipitate,  while,  063 

^^^1 

Platintuii,  tins 

Pregoanty,  2ri 

^^^1 

Plum  »tone«,  238 

Prapftmtionts  alcoholic,  39 

^^H 

Plumbi  siipiHutilori:!,  en  ,  ^'ilt 

a(iue<:iu8,  38 
pharmacojjceial,  37 

^^^H 

cum  ojiin,  piltiln,  I'^t* 

^^^1 

Pliimh.irn.  G"0 

PropuMiates,  5jj<i 

^^^H 

PluiMiaor'.'<  |>ilK  t^Tl 

Propyl  alcohol,  126,  144 

^^^1 

PiMln|.hvllnt.ixin,  11)3 

nitrite.  4(j4 

^^^1 

P(«lo|ihyIltim,  ina.  1(15 

Protargol,  fi91 

^^^1 

Poiflon  ivy  and  ink,  i>2 

Pnnocurarine,  25-1 

^^^M 

KFoimnH,  17 

ProtiM'iiriiline,  254 

^^^M 

■  Pnk*^btirry,  432 

Protociirine,  254 

^^^M 

PokenK.(.  4;« 

Pn.topim,20t',,  218.227 

^^^H 

Polvwala,  347 

Protoplaiini  [MiirtoDn,  22 

1 

PnUKnlicm-ia.  347 

Prt)tov»'nilridini*.  334,  337 

^^^M 

PoIVh^^Ivl-,  351 

ProUivt'mirine.  334,  337 

^^^1 

PuiucjcniDate,  119 

Pnme  Hlones,  238 

^^^M 

Poplar,  413 

Prunw,  54 

^^H 

Poppy,  red,  55 

Pnmufl  amygdala,  48 

^^^1 

Piirt  wine,  14o 

lauruceraRuis  239 

^^^H 

PulMh.  640,  fi46 

Vin^iana,  67,  238 

^^^1 

wnlcr,  .%H2 

Pmwic  nt-id.  48,  tW.  238 

^^^H 

Potasm,  .MT) 

pMMiduL-onitine,  328 

^^^1 

KulphiimUi,  575 

pK'udoliyiwiynniint.',  277,  290 

^^H 

PoUuwiiiiu  ne«tate,  550 

PwinlojiTvint',  334 

^^^^1 

nctiun  of,  494 

pM'udonior|)hint\  20(5 

^^^1 

arKenite,  017 

pM*ud<Htrnphanthln,  43G 

^^^1 

bi<-nrf)onatv,  545 

Psyohotria,  ;i42 

^^^1 

bichnmuitt*,  tjd9 

PterofArju  li^tini,  55 

^^H 

bitartraU?,  536 

Pteroearpiw,  113 

^^^1 

bnmiide,  500 

Ptrtfnatropine,  278 

^^^H 

carl>(>n;iU'.  545 

I'lilsatillii,  92 

^^^H 

clilonile,  522 

Pulverwi,  40 

^^H 

chloridf,  494 

Pulvbi,  aromatic,  71 

^^^1 

oitrnte,  5:11,  538 

eftervw<cen»  n).,  537 

^^^^1 

dichrwninte,  fWW 

Pumpkin  (teed,  120 

^^H 

ft-riTwynniiif,  5:W 

Punica,  119 

^^^H 

by d rail',  545 

Pnnirine,  119 

^^^1 

hydmxiduni,  545 

Pnrinc  bodies,  344 

^^^1 

hypophi>sphitf,  530 

PnrKativoi,  93,  102 

^^H 

idtliitt:,  52^1 

anthracene,  98 

^^^H 

Mide,  5(M; 

effer^'wcing,  537 

^^^M 

Inctale,  550 

oily.  97 

^^^M 

nmlAte,  531 

saline,  530 

^^^H 

nitmte,  528 

vcKeUhle.  93 

^^H 

nitrite,  4<M,  460 

Purping  nutjt,  97  (note) 

^^^H 

oxalate,  553 

i'tLHtulantit,  78 

^^^1 

perch  lomte,  525 

PycK'timine,  423 

^^H 

iwnnanennate,  589 

Pyrethric  add,  72 

^^^1 

|K'rMiI|.li:itu,  580 

Pyrt-thrum,  72 

^^^H 

pti<rt|ih:iiH,  5;n 

PVridine,  35,  259,  2fi2 

^^^1 

pnipKinute,  550 

Kmcalechin,  38-5,  390 
TViTKline.  3tlfl 

V 

rtfUtiim  uf,  ui  litne,  508 

fl 

8altti,404 

Pynigallol.  3S5.  402 

1 

KtKoliMloInto,  519 

IVniphiMplialfM,  5;i5 

1 

sulphate,  535 

pTrovnnndau-a,  (01 

^^^^ 

Milphidt,  575 

fVroxylin,  728 

^^H 

tttrtnite,  531 

^^^H 

thiiwulphute,  530 

fVl  AIKAMIDINK,  353  (note) 
y     (iimiraniine,  35;i  (ni.tf ) 

^^H 

^•nlerinnjitt*,  550 

^^^H 

Potato,  347 

Qiuii«ia,  :jS.  no 

^^H 

PoulticcH,  41,  85 

Quawiin,  h.%  57,  58 

m 

74» 


INDEX. 


Quebracho,  352 
QuercuH,  113 
Quicksilver,  634 
Quillaja^  347 
Quinamine,  353  (note) 
Quince,  Bengal,  59 

seeds,  48 
Quinetum,  364 
Quinidine,  353,  362 
Quinic  acid,  549 
Quinine,  353 

compared  with  antipyretics,  383 

hydrobromate,  604 

tasteless,  364 
Quinoidine,  364 
Quinoline,  35,  259,  262,  369 
Quinova  red,  353  (note) 
Quinuvin,  353  (note) 

RASPBERRY,  54 
Realgar,  603 
Rectified  spirits,  145 
Rectum,  application  to,  31,  34, 40 
Regional  aneesthesia,  308 
Remijia,  353 
Remote  action,  23 
Re«in,  87,  728 
Resinous  purges,  103 
Resins,  36 
Resopyrin,  69 
Resorcin,  385,  401 
Resorcinol,  401 
Revulsion,  theory  of,  78 
Rhamnus  purshiana,  102 
Rhatany,  112 
Rheum.  100 
Rhceadine,  206 
Rhueados  petala,  55 
Rhulxirb,  99 
RbuBglabi-a,  113 

radicans,  93 

toxicodendron,  92 
Ricin,  98,  720 
Ricinus,  98,  99,  720 
Roburite,  421 
Rochellc  salt,  536 
Rosa,  67 
Rose  petals,  67 

Christmas,  435 
Rosemary,  oil  of,  68 
Roses,  attar,  ottii,  oil  of,  68 
Ronnmrina',  oleum,  68 
Rottlerin,  120 
Rul)efacient8,  78 
Rubidium,  495 
Riibijervine,  334 
Rubus,  113 

ida'us,  54 
Rum,  72,  145 

SABADILLA,  334,  339 
Siibadino,  334,  339 
Sabina,  07,  SG 
Sacrliurides,  36 
Sairbiirin,  .55 
Sai'cliuruii),  54 


Saccharum  lactis,  54 

Saffron,  55 

Safrol,  71 

Sage,  65,  67 

Salamander,  alkaloids  of,  36 

Salep,  48 

Salicin,  413 

SalicyUtes,  385,  386,  408 

Salicylic  acid,  76  (note),  385^  386,  408 

Saline  cathartics,  530 

Saliphen,  370,  380,  412 

Salipyrine,  369 

Salithyraol,  386 

Salol,  386,  412 

Salophen,  370 

Salt  action,  481 

common,  486 

of  sorrel,  564 
Saltpetre,  528 
Salts,  481 

dissociation  of,  484 

ethereal,  127- 

pursative,  530 

smelling,  552 
Salumin,  697 
Salves,  30,  40 
Salvia,  67 

Sal  volatile,  spirit  of,  552 
Samandarine,  432 
Sambucus,  67 
Sandalwood,  74 

oil  of,  74 

red,  55 
Sanders,  65 
Sanguinaria,  227 
Sanguinarine,  227 
Santalol,  74 
^intalum  album,  76 

rubrum,  55 
Santonica,  122 
Santonin,  120 
Hantoninoxim,  122 
Sapo,  86,  727 
Saponaria,  347 
Saponin,  346 
Saporubrin.  347 
Sapotoxin,  346 
Sorsee  radix,  351 
SarsaparilU,  347 
Sarsaponin,  347 
Sassafras,  47,  67 
Sassy  bark,  435 
Saturnine  colic,  [nlsy,  673 
Saunders,  55 
Savine,  65,  68,  86 
Scammony,  103 
Sch»nocaulon,  334 
Scheele's  green,  604 
Scbleich's  infiltration  ansesthesia,  307 

mixtures,  179 
Schmiedeberg's  classification,  42 
Schweinfurth^s  green,  604 
Scilla,  435 

pit.  ipecac  cum,  220 
Rclllain,  436 
Scillotoxin.  452 
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8cIerotinic  acid,  472 
Seoparin,  264 
Scopolamine,  276,  289,  292 
Scopoleine,  277,  291 
Seopolia,  277,  291 

atropoidea,  277,  291 
Scopoline.  276 
Scorpion,  721 
Scurvy  grass,  73 
Secale,  472 
Sccaline,  473 
Secalintoxin,  473 
Secretions,  internal,  710 
Securite,  421 
Sedine,  72 
Sodum  acre,  72 
Seidlitz  powder,  537 
Selenium,  702 
Semecarpus,  92 
Senega,  347,  :^1 
Senegin,  347 
Senna,  99,  101,102 
Sepia,  572 

Septentrionaline,  332 
Serpen  taria,  59 
Serpentary,  57 
Sesame  oil,  51 
SeiKiuiterpencs,  61,  75 
Sevum,  50 

Sex,  influence  of.  on  dose,  26 
Sherry  wine,  145 
Sidonal,  549 
Silver,  624,  686 

colloid,  691 

nitrate,  686 
Sinalbin,  88 
Sinapis,  88 
Sinigrin,  88 

Sizi',  influence  of,  on  doee,  25 
Skin,  application  of  drugs  to,  30,  33 

imtants,  7H 
Slipixjry  elm,  47 
Sinilacin,  347 
Smilax,  347,  351 
Snake  poison,  721 

TOOiy  59 

Soap,  86,  220,  727 

bark,  ;M7,  351 

cunl,  727 

haul.  727 

soft,  727 
Soiips,  compound  pill  of,  220 
Soapwort,  347 
Socaloin,  99 
Sooitrine  aloes,  101 
Soda,  545 

chlorinated,  583 

water,  580 
Soflfe  chlomta^  liquor,  583 
Sodium  acetate,  550 

arsenate,  617 

benzoate,  419 

bicarlxtnate,  545 

bisulpliite,  530 

Ninite,  579 

bromatc,  525 


Soditun  bromide,  600 

butyrate,  550 

cacodvlate,  618  (note) 

caprylate,  560 

carbonate,  546 

chlorate,  522 

chloride,  486 

citrate,  536 

citrotartrate,  636 

ethylate,  545 

ferrocTanide,  531 

fiuorid&  621 

fluorosllicate,  522 

formate,  550 

hydrate,  545 

hydroxide,  545 

hypophospite,  530  ' 

hyposulphite,  530 

iotuite,  525 

iodide,  506 

lactate,  550 

malate,531' 

malonate,  554 

metacresotinate,  417 

nitrate,  528 

nitrite.  464,  469 

oenanthylate,  550 

orthocresotinate,  417 

oxalate,  653 

palmitate,  550 

paracreaotinate,  417 

perchlorate,  525 

persulphate,  589 

phenolsulphonas,  417 

phosphate,  536 

proprionate,  550 

pyropboephate,  536 

salicylate,  386,  408,  413 

silicate,  728 

Bozoiodolate,  519 

stearate,  660 

succinate,  654 

sulphate,  631,  536 

sulphide,  673 

sulphite,  530 

sulpHocarbolate,  386,  417 

sulphovinatc,  537 

tartrate,  531,  536 

thi(»ulpliate,  530 

valerianate,  550 
Soft  soap,  727 
Solanacea;,  alkaloids,  277 
Solanein,  347 
Solanine,  346,  347 
SolanJdine,  347 
Solanum,  347 
Solutions,  481 

antiseptic,  579 
Solutol,  400 
Solveol,  400 
Solvines,  361 
Soporifics.  186 
Sorrel,  salts  of,  564 
Sowbread,  347 
Sosoiodolates,  519 
Sozoiic  acid,  417 


^^B^                 ^^^^^^^H 

■ 

SpaniHli  (Iv,  89 

Siiear  (if  lead,  670                     ^^^| 

^H 

S|iartiine,*'Jo9,  264 

Sulphnnilic  acid,  512 

^^^^1 

H|iantuiii,  'J(W 

Siilpliiites,  535 

^^^1 

bpcannint,  67 

Sulphidus,  573 

^^^1 

oil  uf,  68 

Sulphite*,  529 

^^^1 

Spcmiaceli,  61 

Sulpbr*carU.lat(«,  3X6.  417,  68&,  605 

^^H 

S|K.>nnim-,  710 

Htilphonal,  127.  181*,  11)2 

1 

S|>hac«linit'  ncid,  472 

Sulphonniethununi,  1^2 

^^™ 

S|iImwIoto3dn,  473 

Sulphonnifthylniethauum,  1U2 

i^^^l 

Spider  iiotson,  721 

Sulphovinate,'  537 

^^H 

Si>if,i)bi,  123 

Sulphur,  573 

^^^1 

SiuriU,  "1,  145 

il.>wfn>  of,  576 

^^^1 

Spirilas  3y 

iodide,  516 

^^^1 

fnimcnti,  145 

milk  of,  676 

^^^H 

^B                rertlfiratiis  145 

Bubli mated,  576 

^^H 

^^^H             viiti  g7illie],  145 

wa'^he^i.  576 

^^^1 

^V               of  volatili*  oils,  *i9 

Sulphiirciit^I  hydnigen,  675 

^^^1 

Splwn,  vxtract  of,  718 

Sulphuric  acid,  660 

^^H 

Spruce  fir,  Norwav,  86 

ether,  177 

^^^H 

StpiilU,  435 

Sulphuric,  bepnr,  575 

^^^1 

Kpiirtiug  cucuintx?r,  103 

SuI[ibuniuK  ncid,  'jCS 

^^^1 

filannmw  silut,  701 

Sumach,  113 

^^^H 

8tapl»iiffl|nia,^32»,  333 

Currier's,  432 

^^H 

fiuir  nni«e,  (>7 

Sumbol,  73 

^^^1 

bbiting,  347 

Sundew,  707 

^^1 

Smnh,45,48,51,53 

SupiKMi  tones,  40 

^^H 

gircerite,  51 

Suppository,  31 

^^H 

SUivcwicre.  32fi,  3;i3 

glycerin,  52 

^^^1 

Hteanites,  650 

Suprarenal  cajrtiulc,  extract  of,  4fiO 

^^H 

SUnrDpteiHyi,  61.  426 

Supniri'iiiiin,  459 

^^^H 

Stupo,  luqwntinc,  87 

Swanij)  do^ood,  422  (note) 

^^^^ 

Stfivulin,  214 

SwertJ.-i  chlnita,  58 

^^^H 

Sterautatorit*,  31 

S)-nerKistfij  28 
SyrupuN,  39,  54 

^^^1 

St.  IgTiiitnut'  bean,  203 

^^^1 

Stibint.-,  6:U 

arorantidus,  70 

^^1 

Stirntiliition,  20 

.Srptcmic  action,  23 

^^^H 

BUHuach  and    intestine,  ubfiorptioD    from, 
32 
ailtniniHtration  by,  30 
Stonecrop,  biting,  72 
Slomx,  419 

Syzyjipum,  725 

^H 

1     Tablet  tritiimtea,  40 

■ 

TjikiwliBfiUi.*,  70« 

^^^1 

Stnunouium,  277,  29J 

Tulc,  53 

^^^1 

Hlntntiiini,  572 

Tiiiiuiriiiil,  5-1 

^^^1 

bromide,  604 

Tanacetuni,  68 

^^^1 

iodide,  610 

TanKhiiua,  437 

^^^1 

Imitate,  550 

Tanghinin,  437 

^^^1 

t«alieylate,  413 

Taniial.  097 

^^^1 

Rtmplmtiiliuw,  4:1').  451 

Tannallnn,  113 

^^^H 

Klruclnre,  chemical  and    pharmacologicai 

Tannic  acid,  109 

^^^H 

ailinii  of,  24 

Tanniffi-n,  113 

^^^1 

Strychnine.  11)5,  203,  218 

Tannocul.  114 

^^H 

cumitnrLHon  witli  utropine  and  cflfieine, 

Tannoform,  113 

^^H 

279 

Tannopin,  113 

^^^H 

witb  rlig^italis,  455 

Tansy,  68, 115 
Tar,  386,  405 

^^H 

with  picrotoxin,  433 

^^^H 

Strvobnnw,  ll>5,  2a\  2.^4 

Tarantula,  721 

^^^1 

8iyptii'  collodion,  112,  728 

Taraxacum,  58 

^^H 

Stvplifiiie,  231 

Tartar,  cream  of,  536 

^^H 

Styrax,  4I'J^ 

emetic.  79,  629 

^^H 

SulNtmi'linuid  rtvainizntion,  308 

Tartaric  aci*!,  659,  664 

^^H 

Subcutaneous  injc<-)ion,  33 

T;trtra(i.'s,  631 

^^^1 

Sublimate,  corrosive,  1550 

Tea-  244,  252 

^^H 

Succi,  40 

Teeloil,51 

^^H 

Suceinutofi,  554 

TelKirates,  702 

^^^H 

Suet,  50 

Telliiriuin,  702                    * 

^^^1 

Sugar,  45.  54 

Tetvlwne,  86 

■ 

k. 

J 

^^^^y                                      ^^^^B^ 
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^M    Torebinthimi,  85 

Trioxybcntol,  402 

^m     Tvr\n-m-H,  t;t,  AQ 

Tritit'um,  48 

^H     Terpin  liv<lnitv,  86 

Trilopine,  206 

^H      Te»ticK\  Vxtrni-l  uf,  7IS 

Triluratin,  40, 105 

^H     Tutniehluriile  uf  carbiin,  179 

Trituration,  40 

^■^      TotraiiMlpyrntl.  519 

TitK-lii'!*,  40 

'IVtnmal,  P27,  Utl,  193 

Trochisci,  31,  40 

Tliallinc,  aCK,  3S0 

Trt>i«cuoiinf.  299. 306 

Tlmlliniii,  701 

Trujitintw.  277,  290 

rhea,  244 

Tnipic  luid,  270 

Thi-Uiint.,  195,  ^(Kt,  206,  217 

TMpinc,  276 

Tlicine,  244  (iiolc) 

Tubocurarinc,  2M 

1              Thi-nhnmiii,  'M\ 

TuIIv'h  powder,  220 

'             ThtMbnmiims  244 

TutiiVniil,  387 

1             Tlici-iiK-.  244 

Tuii>islcn,  701 

Tht-oa,  2-W 

TurlinKtou's  balsam,  419 

1            ThtMpliytUne,  244 

Tiiri^H-ntini',  oil  rtf,  85 

Tliprapeiiii.-s,  17 

Turpeth  mineral,  653 

TliermifiiKine,  :Wi) 

1             TliiTin.KiiHtv  :J70,  380 

ITLMrS,  47 
U      fncaria,  112 

Thovftin,  4:15 

^m       TKi'Vftin,  VMt 

rnromocomo.  116  (note) 

B      Thiliiniu,  57); 

Inpitntn,  30,  lU 

^V      Thiofunn,  iVX} 

rnguentuni,  50 

rh'uA,  ;iH7,  407 

llpaa  tree,  435 

Tliiininamiiw*,  577 

Uranium,  701 

1              Thi.wilphjiUs*,  530 

Urari,  25^1 

Tlinmiipplf,  277 

XTrecbiti«.435 

1              Thuj.tn,  426 

llretlmnc,  127,  191.  193 

ThijM  Aniericanum,  86 

Urethra,  iipplimlioti-s  In,  31 

ThvniP,  6*1,  400 

ITrplhral  MipjMRiilories  40 

Thyniolj  (W,  .Wo,  400 
TliviuiiliK  ifHliiliinii  520 

Ur^rinen  uiiiritiuui,  452 

lJn«in,  549 

Th;>ino8alol,412 

Urotropine^  76  (note),  426 

^^^H 

Tliynnis  t*xlHit:t,  718 

Urmon,  77 

^^^^B 

TliVreoplnbiilin,  711 
Thyrcrn<Kiin,  711    (nute) 

UBtilagts4ao 

^^^^1 

UteriLH,  )ipplic»tionH  to,  31 

^^^^ 

Tliynmi  txtnict,  711 
Tlivrimlisni,  715 
1             Tin,  ti24,  7ni 

Uva  ursi,  77 

^^^H 

^H 

Vr ACHNA,  npplifntiofw  to,  31 
f       VaginnI  rtiptHxtiloriw*,  40 

H 

Tiiu'lurv.  :IS> 

^1 

To»«*rn,  26ti,  274,  281 

Valerian,  73 

^^^H 

Indinn,  2H«.  276 

Valerinnntw,  651 

^^^^1 

T.ili-ninw,  27,  720 

Vallot'8  ntam,  666 

^^^^^1 

TnliL  tmlnim  of,  419 
TuUiifcrn,  410 

Valyl,  74 

^^^^1 

Vaimdiiiin,  701 

^^^^1 

Toluol,  3H.1,  392 

Vanilla,  67 

^^^^1 

Totiitana  tinUum,  '110 

Vanillin,  71 

^^^^H 

Tiiluylcmliamine,  422 

VaivUnc,  60 

^^^1 

TixH  nitinoti,  432 
T*>iiiintriKnl  cauiitic,  690 

Vegetable  natrineentM,  109 

^^^^1 

cathartic  pill,  105 

^^^^^M 

Tdxalbumin,  98, 720 

ferments,  707 

^^^^M 

Toxiwxlentlrol,  92 

purgntivea,  93 

^^^1 

TtixiL-oloiiy,  17 

Vera  trine,  ;i.34 

^^^^H 

ToxireHin,  432 

Venitrum,  334 

TraRnranlh,  47 

Verbawuni,  48 

Tribrniiipln-nol,  397 

Vennicidt^  115 

^^^^1 

Triclilonicetir  aciJ,  503 

Vemiifuffw.  116 

^^^^M 

Triohlorphfnol,  386 
Tricrosol,  400 

VeiTHial,  127.  192.  193 
VeHicaos,  colliidium,  728 

^^^^H 

^^^1 

TriiiKlm-n^f.!,  519 

N'esicants,  78 

^^^^^M 

Trimethyl-ftiTimoninra,  312,  499 

Vienna  pante,  570 

^^^H 

TriiiK'lhyliimiiU'.  126,  722 

Vina,  89 

^^^^^1 

Trinitniio  of  ^Ivix-iih,  464 

Vinegar.  5(i3 

medicatcti,  40 

^^^1 

'rritntriiii,  liipidt^  470 

^^^^H 

Trioual,  127,  191,  193 

Vim  gallici,  Apiritutf,  145 
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